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ABSTRACT 


An attempt has been made to longitudinally study a group of 
boys, beginning at age 8, through several seasons of competitive ice 
hockey. The present report covers a four year span, i.e. for ages 8, 
O59 Sl Otani 1 1... 

The subjects have been members of a team which has averaged 
63 games per year. They have been Edmonton City Finalists for two 
years and City Champions in 1977. Practices for the team have 
stressed skating and individual puck handling skills over the four 
year period. Data from a control group was also collected. 

Twice yearly evaluations of skating and puck control skills 
have been made. In addition, annual measures of PWC, 395 the CAHPER 
Fitness-Performance items, several anthropometric items as well as 
grip strength have been taken. Wrist x-rays to estimate skeletal 
age were taken at the outset of the study. 

The results have shown learning curves for the skating and 
puck control tests which, while typical in nature, demonstrate 
extremely high levels of achievement for boys of this age. The 
general fitness results indicate extremely high values when compared 
to data available from normal populations. 

The conclusions reached were that boys involved in a heavy 
program of competitive hockey, in addition to developing high levels 
of hockey skill, achieve levels of fitness which are extremely high 


in relation to published findings from other countries. 
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CHAPTER I 
INTRODUCTION 


Research in ice hockey has been stimulated in the past few years 
because of defeats at the hands of international competitors who have 
surpassed Canada (Marcotte, 1974). The scientific approach of other 
European nations has stimulated research from a physiological point 
of view (Lariviere, 1974; Bouchard, et al., 1974; Green, et al., 1973; 
Green, et al., 1976; Green and Houston, 1975) whereas in the past 
most researchers were interested in the skills aspect of the game 
(Sabasteanski, 1949; Tower, 1959; Doroschuk and Marcotte, 1965; Hansen, 
1970; Brown, 1935; Percival, 1956; Merrifield and Walford, 1969; 
Merrifield and Walford, 1971). Both aspects of the game, however need 
further investigation. 

Research must also be undertaken in the area of general health 
and fitness. Some interesting findings have shown us that our nation 
as a whole is not as fit as others and that people in Canada are not 
as fit as they could be (Cumming, 1967; Shephard, 1966; Bailey, 1975). 

Heart disease is the most serious threat to life in Canada and 
inactivity has been identified as one of the major contributors 
(Reville, 1970). In addition, only recently have people become 
more aware of the need for physical activity to maintain or improve 
their fitness levels. There are also indications that it can be a 
preventative and therapeutic combatant of heart disease (Quinney, 
1977; Costil, et al., 1974; Ferguson, et al., 1974; Kavanagh and 


Shephard, 1973). Furthermore, decreases in fitness levels have 
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been found 


in children who spend long inactive hours behind school 


desks after enjoying highly active pre-school years (Bailey, 1973). 


The 


present longitudinal study has attempted to examine the 


development of fitness and skill in ice hockey in 28 young males aged 


Sto lh in 


an attempt to shed new light on the aforementioned issues. 


Statement of the Problem 


The 


purpose of this study was to longitudinally monitor the 


development of fitness and ice hockey skills in 28 male hockey players 


aged 8 to 11 years. The main objectives of the study are as follows: 


ie 


The 


to monitor the development of fitness and ice hockey 
Skills in an experimental and a control group over a 
period of four seasons of ice hockey. 

to investigate the effects of summer lay-offs on the 
retention of ice hockey skills in both the experi- 
mental and control groups. 

to compare the results of the present study to the 
data reported in the literature. 

to compare the experimental and the control groups 
on the development of ice hockey skills. 

tests used to monitor these changes were: 


the P.W.C. test 


170 
the C.A.H.P.E.R. fitness performance items 
50 yard dash 


) 

b) 300 yard run 
) shuttle run 
) 


Speed sit-ups 
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(e) standing broad jump 

(f) flexed arm hang 
3. grip strength of both the left and right hand 
4. a battery of ice hockey skills tests 

a) 60', 90', 120' forward and backward speed skate 
b) Marcotte's modified puck control 


d 


(a) 

(b) 

(c) Hansen's puck control 
(d) forward agility test 
(e) 


e) Macnab and Gill's backward agility test. 


Justification of the Study 


Excellence in athletic performance and especially in the sport 
of ice hockey, since it is our unofficial national sport, should be a 
concern of all physical educators and coaches in Canada. This nation 
can no longer claim supremacy in this sport as evidenced by the 
very fierce international competition given to Canadians in the past 
few years. Scientific research owes a contribution to the sport. 
Skills tests are important as a means for the coach to evaluate the 
effectiveness of his players and of his coaching methods. Further- 
more, Skating skills such as those used in this study make up the 
most important components of the sport determining a player's ability. 

Fitness tests such as the ones used in the present study are 
valuable aids in assessing the effectiveness of a hockey program in 
improving the fitness levels of the children studied and may indi- 
cate some of the fitness requirements of a hockey player. Informa- 
tion on the effectiveness of certain activities in improving fitness 


is needed to further substantiate the position of physical educators 
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with respect to fitness and physical activity. Little longitudinal 


data of any kind has been presented addressing itself to the ques- 


tion at hand. 


Limitations of the Study 


up 


The eating habits, off-season activity patterns, as well as 
outside activities during Shoe season were not controlled. 
The graphs presented show age groups of 8, 9, 10, and 11 
years of age, however, the ages varied making the mean age 
Slightly variable from the ones in the graphs. 

A small sample was chosen for the study making it difficult 
to generalize to the normal population. 

Different testers were used from year to year and motiva- 
tional levels may have varied from test session to test 
session throughout the study. 

Ice conditions changed during the study which may have 
affected the hockey skills test results. 

A hockey control group was not included until the third 

and fourth year of the study, therefore, the boys from the 
experimental group are compared with the boys from the 
control group in the last two years only. 

Pre and post season measures were taken only in the hockey 


skills tests measures. 


Delimitations 


1. 


All subjects from the experimental group were from the 


same team and from the same community. 
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2. The same person led the organization and administration of 
all the ice hockey skills testing sessions, grip strength 
testing, P.W.C. 174 testing and most of the C.A.H.P.E.R. 
testing sessions. 

3. This study is not a training study. The tests are designed 
to monitor the development of skill and fitness throughout 
the four year span. 

4. The tests used were subjectively evaluated as tests that 
were related to the performance of the young hockey players. 

5. The comparative data reported in the literature used 8, 9, 
10, and 1] years as their age levels. Therefore, if the 
true means of the present study were used, it could have 
been impossible to compare the results to other studies. 

6. Only post season measures were taken on the fitness items. 
The same children had been actively participating in this 
Study for four years and it was believed advantageous to 
the experimenters to demand less of the subjects and their 


parents to permit the continuation of the study. 


Definition of Terms 
P.W.C. 179 - a submaximal bicycle ergometer test measuring the 
physical power output attained by a subject ata 
heart rate of 170 beats per minute. 
MVO., or Maximal Aerobic Power - the highest oxygen uptake an 


individual can attain during physical work at sea 
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level. 

Longitudinal study - study that investigates the same subjects 
over a number of years. 

Cross-Sectional study - a study that attempts to investigate 
the development of certain parameters over a number 
of years by taking a sample of subjects at each age 
level. 

Experimental group - a group of hockey players participating in 
a highly competitive ice hockey league. 

Control group - a group of hockey players participating ina 
recreational hockey league. 

Hockey skills tests - the battery of hockey skills tests recom- 
mended by Hansen (1970) and Macnab and Gill's back- 
ward agility test (Gill, 1977). 

Fitness level - level of fitness achieved as determined by a 
Subject's score in a maximal of sub-maximal physical 
power output test. 

Kpm/min - kilograms of weight moved through one meter each 
minute. 

Kilopond - distance through which one kilogram (kg) moves one 
meer. 

D or a - symbol defining the words significance level. 

Predicted MVO., - estimated MVO., determined by extrapolation 

with a submaximal test. 

Retention - retaining or remembering the components of a particu- 


lar motor skill and how to execute it. 
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CHAPTER I] 
REVIEW OF THE RELATED LITERATURE 


PHYSICAL WORK CAPACITY 

The purpose of this section was threefold: 

(1) to examine the use of the P.W.C. 370 test as a measure of 
aerobic power. 

(2) to examine closely related longitudinal and/or cross- 
sectional studies of physical work capacity and aerobic 
power for comparative purposes. 

(3) to examine and assess studies that have monitored changes 


in aerobic power due to training. 


Validation of P.W.C. 179 


Some studies have been done to validate the PWC, 79 as a measure 
of aerobic power (Macnab, et al., 1969; DeVries and Klapfs, 1965; 
McArdle and Magel, 1970). 

Macnab, et al. (1969) found a test-retest reliability coeffi- 


cient of .90 with the PWC DeVries and Klapfs (1965) found a 


dy Os 
test-retest reliability coefficient of .818 and a correlation of 

.877 when the PWC) 79/Kg of body weight was compared to an MVO., test 
expressed in ml/kg/min. The standard error of prediction was + 4.74 ml/ 
kg/min or 9.4%. McArdle and Magel (1970) obtained a correlation of 

.80 with the PWC 179 and an MVO,, test. A poor correlation (.47) was 


found, however, when MVO., was not expressed in terms of body weight. 
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It was suggested that PWC1 4 should be expressed in terms of kpm/kg/min 
to relate it to body weight, thereby making it a more precise and 
meaningful measure of work capacity. 
Knuttgen (1966) determined the fitness level of male and 
female adolescents and found a correlation of .86 between the PWC 79 
and an MVO., test when PWC 79 was expressed in terms of body weight. 
The PWC 5 test estimates the work capacity of an individual 
on the premise that work load and/or oxygen consumption bear a 
linear relationship with heart rate. Astrand and Rhyming (1954) have 
Shown this to be the case. They have also shown that if higher 
heart rates were elicited during work, the standard error of predic- 
tion decreased from 10.4% to 6.7% in their submaximal test. The 
PWC. 79 Satisfies this criterion of elevated heart rates and there- 
fore it would seem reasonable to assume that the error of prediction 
would be kept reasonably low. 


The PWC (Howell and Macnab, 1968 and Alderman, 1968) has 


170 
also been found to be easy to administrate and safe because of its 
Step-wise progression towards a heart rate of 170 beats/min. It 
also involves a calibrated work load making it possible to determine 


the exact amount of work done by a subject (Howell and Macnab, 1968). 


Comparative Studies 


Many studies have attempted to assess the physical work capacity 
of children by means of longitudinal or cross-sectional studies either 


to develop norms (Howell and Macnab, 1968) or to compare their group 
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to others (Dunkley, et al., 1976; Adams, et al., 1961; Adams, et al., 
1961, Cumming and Cumming, 1963; Alderman, 1968; Macek and Vavra, 197] 
and Cumming and Danziger, 1963). Some of these studies, however, 
(Alderman, 1968; Macek and Vavra, 1971; and Cumming and Danziger, 1963) 
have dealt with only one age group or with post-pubertal children. 

Other studies (Andersen, et al., 1974; Andersen, et al., 1974; Andersen, 
et_al., 1976) have employed direct measures to evaluate the aerobic 
power of children. 

Howell and Macnab (1968) in a cross-sectional study took a ran- 
dom sample of children from across Canada in an attempt to assess the 
physical work capacity of Canadian children of both sexes from the ages 
of 7 to 17. A sample of 422 boys from the ages of 8 to 1] were chosen 
(PWC values presented in Table I at the end of this section with otners 
comparative studies). 

Dunkley, et al. (1976) decided to conduct a study in the Grande 
Prairie elementary public schools to assess the physical work capacity 
of males from the ages of 6 to 12 years. The sample was not random 
Since the selection procedures depended on parental consent. The 
study was of a cross-sectional nature designed in this way to attempt 
the assessment of the physical work capacity of the children in the 
four elementary schools of that region and to compare them with the 
data of others. 

Some inherent limitations exist in this study. Some of the 
subjects' body weights were recorded 3 to 11 months after the test 
was administered. In addition, subjects in two of the schools were 
tested in March and April of 1976 after a winter of relative 


inactivity compared to subjects in the other two schools who were 
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tested in September and October after a summer of greatly increased 
activity. 

Work capacity values of the Grande Prairie study were expressed 
in kpm/min/kg and in kpm/min. When compared to national norms and 
international studies values expressed in kpm/min were not found to be 
significantly different (p < .05). When expressed in kpm/kg/min, how- 
ever, the values of the Grande Prairie children were significantly 
lower than the Canadian norms and international studies at ages 8 and 
dea Die 05) 

Adams, et al. (1961) evaluated the physical work capacity of 
120 boys and 123 girls from two schools in Los Angeles, California. 
The children between the ages of 6 and 14 were randomly selected from 
within the school and this resulted in a sample of 40 boys between the 
ages of 8 and 1]. Vital capacity, height, weight, surface area and 
a PWC 59 were the measures that were taken. The bicycle test consisted 
of three, six minute work loads with each workload being set to achieve 
a heart rate of between 100 and 120 beats/min after the first work- 
load, 120 to 140 after the second and 150 to 170 after the third. 
Heart rates and workloads were plotted on a graph and the estimated 
workload producing a heart rate of 170 beats/minute was taken as the 
physical working capacity of the subjects. Physical work capacity, 
expressed in kpm/min correlated well with weight (.81), height (.83), 
surface area (.81), age (.79) and three second timed vital capacity 
OM Yam 

Adams, et al. (1961), in a subsequent study, repeated the pro- 


cedure of the previous study to assess the physical work capacity of 
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Swedish children. The age range was narrowed to between 10 and 12 
years of age and heart volume was measured in addition to the measures 
taken in the previous study. A sample of 63 boys was chosen. In 
addition, 22 boys were retested to see if the summer holidays had any 
effects on work capacity. Of the 22 boys, 16 improved or showed no 
change in work capacity and six showed a decrease in work capacity. 
Paradoxically, correlations of work capacity with morphological varia- 
bles were low (r = .37 to .57) when compared to the findings in the 
California study. 

In another phase of the study, subjects were divided into three 
groups; highly trained, moderately trained and poorly trained. The 
highly trained individuals' work capacity was 676 kpm/min whilst the 
work capacity of the untrained individuals was 485 kpm/min. 

Cumming and Cumming (1963) studied the physical work capacity 
of Winnipeg school children from the ages of 6 to 16 years. Both sexes 
were tested and a selected sample of 112 children resulted. Twenty 
boys aged 8 to 11 years were tested. In this part of the study, 
correlations between surface areas (.904), height (.865) and weight 


(.897) were found with the PWC test. 


170 
The second phase of the study looked at four different schools 
in Winnipeg to see if different physical education programs yielded 
variability in work capacity of grade five and grade six children. 
Three schools that offered two 30 minute periods of physical education 
per week and one private school that offered two classes, two competi- 


tive game periods and organized team sports were included for a total of 


88 tested children. There were 20 boys from the private school and 23 
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from the other schools. The physical work capacity of the boys from 
the private school was greater (450 kpm/min) than the children from 
the other schools (384 kpm/min.). 

All physical work capacity values in kpm/min and kpm/min/kg, 
weight, height, and the size of the sample of all the previously 


reviewed studies are presented in Table I. 


Training Studies 


Many studies have been done (Wilmore, et al., 1970; Sharkey, 
bole ero WlOck uetrdlas. 1969. DUrnIN, .et. ale.) 1960, Ekbion, et ahs, 
1968; Frick, et al., 1963; Jackson, et al., 1968) to investigate the 
effects of training on cardiorespiratory endurance in adults. In 
these investigations such changes as an increased MVO45 total work, 
maximum ventilation, arterio-venous oxygen difference, oxygen pulse 
and decreased lactic acid levels, resting heart rates, and diastolic 
and systolic blood pressures have been found. 

Some studies (Macek and Vavra, 1974; Gadhoke and Jones, 1969; 
and Godfrey, et al., 1970) examined the cardiorespiratory responses 
to exercise in children as compared to adults. Results from these 
Studies indicate that on parameters such as heart rate, lactate pro- 
duction, oxygen consumption, cardiac output (Q), stroke volume, 
ventilation, and respiratory quotient children react in much the same 
way as adults during steady state or maximal work. In children, 
maximal heart rates were higher and tidal volumes were smaller than 
those of adults. This is not surprising since these parameters are 


related to size and age. 
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It would seem logical that training should have the same effects 


on children as in adults, however, the added variable of growth in 
children has led to disagreement regarding whether or not training 
Can increase work capacity beyond the expected changes due to growth. 

Cumming, et al. (1967) performed a study in a youth's summer 
track camp with six boys and six girls 13 to 16 years of age. The 
training that the children undertook at this one week track camp 
included a total of 35 to 45 miles of running per day as measured by 
a pedometer. The researchers decided to do repeated measurements on 
these children to see the changes in heart rate, oxygen consumption 
and morning and evening submaximal workloads on a bicycle ergometer. 

The first six minutes of the exercise test was designed to 
achieve a heart rate of 170 beats/min. A subsequent increase of 100 
kpm was used to elicit a maximal effort and measurement of MVO.,. On 
the following days, if necessary, workload was increased an additional 
100 kpm if the subject could pedal at that workload for three 
minutes. 

Cumming and his co-workers did find changes in the behavior of 
Submaximal heart rates to a given workload. These heart rates, along 
with maximal heart rates, decreased significantly. In girls, sub- 
maximal heart rates decreased from 148 to 145 and from 161 to 160 
beats/min in the boys (p < 0.05). 

The MVO,, of the boys and girls did not change significantly, 
however, the high means (65.0 ml/kg/min for boys and 49.0 ml/kg/min 


for girls) of these individuals offer much less room for improvement 
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so that great increases would not be expected. Furthermore, one week 
of training is likely too short a period of time to see changes in 
MVO.,. Nevertheless, with a constant MVO., and a decrease in maximal 
heart rates, there is an obvious increase in oxygen pulse which would 
indicate a more efficient cardiovascular system during submaximal work. 
It was thought by Cumming and his co-workers that the decrease in 
heart rates after a week of testing could indeed be because of im- 
proved efficiency both mechanical and cardiovascular or that there 
was a lessened anxiety in the subjects at the time of testing. 


Cunningham (1976) investigated the PWC14 and the MVO, of 15 


70 
ten year old hockey players from a competitive league in London, 
Ontario. These children played 60 games per year, had 40 practices 
and placed third in London, Ontario. Cunningham found that the 
PWC 34 of these children ranged from the 76th to the 83rd percentile 
when compared to the Canadian norms. 

Continuing the work to a maximal effort, it was determined 
that the MVO.,/kg values (56.6 ml/kg) was comparable to adult hockey 
players from the University of Western Ontario. When compared to 
children of the same age from other studies, he found his children 
to be superior except in the case of Astrand's children who had 
about the same values (Astrand, 1952). Lactate values in this study, 
however, were lower than expected yielding a mean of 53 mg%. These 
relatively low values were attributed to motivational problems en- 
countered when performing maximal tests in children. One general 
conclusion of the study was that playing hockey seems to keep children 


more fit than the normal population. 


2, a ee eee 


on Sore run i 
"~ ir Aon q a. ve rhe ee Ge 
7 Oe VEN) Bie i aaete: 


7 


a. kV i | 
4 | ; A ; 7 oe a 
Aree in ae a 
ae a. bie: De ee ate 
. ae ay 1b Fane's : , ay 
_ - ny _ G 
: se ve he 
Ape hat S2iUe 4 i iy ig a aie 
Xe mixqmda on ins veh foi ero rT 
| i na : pd ; f i wa 
, rae Das ncitt b BA 
; ; Joedchy 2 se ref yistsr & bei V2 ie 
hs. dene -... Te aie Wade! sat faxet \ an sto oy ae | 
ai bt Aaa | sie j itis: 6B sit 2 + TN, oT " bs 4 OE . ie v9 ‘is 
ate osg Ob Het). dhey Yao ae DE Ravel Srrths ts aD) ent vob nO 
A wt aes das 
4k | | 7 7 unt 
i ih Mt: a ' s i Ag ase ty i ‘ aig ij 0 uy tq A ries mbt He oe oI i) aii dali i 
am | 
et on ceasing ‘sonnet tod ie wt al a 
; , ij) mo) 
Vi T cA = BA v7 nae ch ro | ist dies pra woe ede entunhina oe a | M 
. | | . c ma ie. 
sat, of . feboy Salina: Baw (Ob Vee Sos ‘pute wagoum a RBIs 
: é a . balls : 
bay qs har Ven: avahugn | ¥o aniiey ea wit art a 
. ; ie * : ae 
pam Tio ein) Deay Si. e83 hare a9 0 ag gs agi 2) ait 7 ip: 
bgt’ tu ly otras e’bnend eh vy Aepe sith nh dts yobreqoe ‘ oe 
' afr oh + : a x 
sveais2 erie nt Payi8 } Sdetiiad (St aid) ie b seuiav: ene 3 in 
geany doi 2 to.) eam 5 goruty ih eas eal ove : 
nae muting, Tene ny tion od ed 
year si) . aide hy el tied 
| nansttia gee ao anes: ‘isi rm 
& 7 a | 


= ‘ 
ee? 
i A iy » | 7 


7 ~ | 
yy ri ? 


ij 


Massicotte and Macnab (1974) dectded to investigate the effect 
of three different intensities of training on the aerobic power of 36 
boys 1] to 13 years of age. The training sessions lasted six weeks 
with heart rate, lactate levels, MVO., height, weight, 0, pulse, 
ventilation be@ng measured before and after training. Fitness levels 
were assessed prior to training and all 36 subjects were divided into 
three blocks, then reassigned randomly fb one of four training groups. 
The first group trained at a heart rate of 170-180 beats/min; the 
second at 150-160 beats/min; the third at 130-140 beats/min with the 
fourth group acting as a control. All training sessions were per- 
formed for 12 minutes three times per week on a bicycle ergometer. 

The bicycle ergometer test was an intermittent test consisting 
of four minute workloads with five minute rest periods starting at 
450 kpm with subsequent 150 kpm/min workload increases until exhaus- 
tion. Gas analysis was done by the Douglas bag technique. Lactates 
were taken 45-60 seconds after each workload from a finger-tip blood 
Sample. 

All three training groups decreased their submaximal heart 
rates by 16, 12, 16 beats/min respectively. There was no significant 
difference between the three groups on this parameter (p < 0.05). At 
a submaximal workload, the highest intensity training group decreased 
their lactate values by 20% significant at p < 0.05. No other 
changes took place during submaximal work. 

All three training groups increased their total work output by 


25, 23, and 21% respectively. Maximal lactic acid concentration in 
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the blood during exercise increased by 21% in the high intensity 
group. In addition, this group increased its MVO., by 11% with an 
accompanying 13% increase in maximal oxygen pulse, both significant 
at p < 0.05. There were no comparable changes in the other training 
groups or the control group. Massicotte and Macnab advocated train- 
ing at a heart rate of 170 beats/min or 75% of maximal heart rate 
for optimum improvements in MVO., in enitirent 

Seliger, et al. (1974), taking similar measures, investigated 
the effect of habitual activity patterns on these parameters in a 
group of 11 and 12 year old boys. Seliger discovered that these 
boys' activity patterns reflected those of sedentary children. When 
values for oxygen pulse, MVO,/kg of body weight and lactate values 
were compared with the children in Massicotte and Macnab's (1974) 
Study, it was determined that Seliger's children were lower on all 
parameters; (8.6 vs. 10.4) for oxygen pulse, 41.8 vs. 51.8 for MVO,, 
in ml/kg/min, and 68 mg% vs. 86.8 mg% for lactate values). 


Sprynarova (1974) investigated the effects of a physical activ- 


ity program on healthy boys aged 11 to 18 years. Thirty-nine children 


were divided into three groups. The first group consisted of eight 


children who trained regularly four hours per week until the age of 15 


and six hours until the age of 18. In the second group, there were 19 


boys who trained regularly two hours per week until the age of 15 and 
three hours thereafter until the age of 18. Finally, in the third 
group, 12 boys trained one hour a week until the age of 15 with no 


further training. 
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The first group started at a 1ave] comparable to the other two 
groups in MVO.,. The three groups started in the range of 44.0 to 48.5 
ml/kg/min, the lower value being that of group three and the higher 
value being that of group one and two. At the end of the study the 
first group had progressed to 54.5 ml/kg/min while the second and 
third groups remained relatively unchanged at 49.5 ml/kg/min and 45.0 
ml/kg/min respectively. | 

It is interesting to note here that in the case of all three 
groups the greatest increases occurred during the ages of 13 to 15 
during the adolescent growth spurt followed by a subsequent decline 
until the boys were 17 years of age. In this study, it would appear 
that the children were most susceptible to training during the pubertal 
period since an increased amount of training did not seem to have as 
much effect after the growth spurt as less training during the growth 
Spurt. 

Cunningham and Eynon (1973) compared the fitness levels of 
highly trained swimmers varying in age from 11.0 to 14.9 years to 
results from other studies and to adult swimmers. The subjects were 
randomly selected from 50 Ontario swim teams, a total of 43 subjects 
being chosen (19 females, 24 males). The tests were taken after a 
summer of intensive training five times per week with the distance swam 
per session varying from 2,118 to 3.194 yards. In addition, four uni- 
versity swimmers of international calibre were tested. 

Physical work capacity, MVO., and lactate values were all] mea- 
sured while subjects worked on a bicycle ergometer. An intermittent test 


was used and gas analysis was accomplished by the Scholander technique. 
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Physical work capacity expressed per kilogram of body weight 
ranged from 18.76 to 21.63. These results were greater than those of 
the Canadian norms and other age matched studies. When the children 
were compared to the older swimmers they were similar since the older 
swimmers had a physical work capacity value of 19.6 when expressed in 
terms of body weight. MVO, expressed in terms of body weight yielded 
values ranging from 52.9 to 56.6 ml/kg/min, comparable to the older 
Swimmers who had a value of 55.9 ml/kg/min. In the younger swimmers, 
it was felt that MVO, values were not attained because of the nature 
of bicycle ergometry. Furthermore, lactate values in the younger 
children were lower ranging from 81 mg% to 108 mg% while in the older 
Swimmers, a value of 148 mg% was obtained. 

Running training and its effect on growing boys' MVO, was 
studied by Daniels and Oldridge (1971). A total of 14 children 10 to 
15 years of age were studied for a period of 22 months. The children 
trained by running anywhere from 750 to 2000 miles per year. Every 
six months the children were tested. Submaximal and maximal gas 
analyses were made with a Gallenkamp apparatus. The boys practised 
running on a treadmill before actually doing the test. The endurance 
test proceeded in this manner: four minutes of submaximal work at 
202 meters/min; the speed being calculated according to the runners' 
times; the runners' best two mile race pace for three minutes followed 
the first run. If the runners had not reached exhaustion at this point 
a subsequent three minute run at the runners' best one mile race pace 
followed. 
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to 2.839 litres/min. When expressed in ml/kg/min, there was no change, 
this value remaining at 59.5. One other interesting finding was 
observed when the group was split into two types; the hard runners and 
the easy runners. Those who were termed hard runners maintained a 
higher MVO,/kg throughout the study than did the easy runners, however, 
the easy runners had a lower VO,/kg during submaximal running. While 
running at the same pace as they did at the beginning of the study, the 
energy costs of the easy runners decreased by 3.9 ml/kg/min. This was 
Shown by a decreased 0. pulse during the submaximal runs. 

Daniels and Oldridge found, therefore, no increase in absolute 
MWVO45 but an increased efficiency of the cardiovascular system during 
Submaximal work in the easy runners. It seems, however, that training 
in this and other studies that have been reviewed was not carefully 
controlled. The intensity of training may not have been adequate in 
order for favourable changes to take place. 

Ekblom (1969) studied six boys 11 years of age who trained for 
six months. Another group of seven boys of the same age who did not 
train acted as a control group. Both groups were matched on height, 
weight, vital capacity, MVO, and heart volume at the beginning of the 
study. The groups were measured at the beginning of the study, after 
six months training and at the end of the study. Table II depicts 
the type and amount of training during the first six months. 

After the first six months seven of the boys (two from the con- 
trol group) continued to train for a further 26 months. The training 
program consisted of handball, bandy, ice hockey and soccer for 45 


minutes three times per week. In addition, they had regular school 
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TABLE II 


Training Regime in Ekblom's Study 


Type of Training 


Interval Training 
3-4 x 1,000 m., 80-90% full speed 


No. of Training 
Sessions 


Dash Training 
10-20 x 75 m., full speed 


Distance Training 
4-5,000 m., steady speed cross country 


Strength Training 
circuit and weight training 


Ball Games 
soccer, ice hockey, 45 min. 


training which consisted of calisthenics and ball games two times a 
week for 45 minutes. 

These boys increased their MVO, by 55% after 32 months training 
from 2.22 to 3.45 l/min. The control group on the other hand increased 


their MVO, by 37% from 1.85 1/min to 2.54 1/min. When expressed in 


2 
ml/kg/min, however, the increase in the training group was in the 

order of 3% from 55.9 to 57.5 ml/kg/min while in the control group the 

increase was in the order of 2% (53.3 to 54.1 ml/kg/min). The rate 

of change between the two groups may not have been that different, how- 
ever, the magnitude of the change was greater in the experimental group 
since they began at a higher level. The training group increased their 


body weight by 8.6 kgs. The heart volume of the training group in- 


creased by 48% from 480 to 710 ml in the training group and by 37% from 
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425 to 580 ml in the control group. The vital capacity of the training 
group increased by 54% from 3.20 to 4.45 litres while in the control 
group, the increase was in the order of 34% from 2.51 to 3.37 litres. 
Submaximal workload heart rates of the training and control group went 
from 147 and 156 to 118 and 139 respectively at 450 kpm/min and from 

129 and 136 to 102 and 122 at 300 kpm/min. There is an obviously greater 
improvement in the training group when compared to the control group 

on this parameter indicating a more efficient cardiovascular system in 
the training group. 

Tt is interesting to note that on all parameters, the training 
group's increase was greater. When looking at the raw data it would 
seem that these increases are not that significant, however, the train- 
ing group begins at a higher level than the control group on all para- 
meters, therefore, the expected change would logically be less or equal 
to the control group's change under normal conditions since there is 
less room for improvement in the training group. One explanation that 
was offered for the greater increases in the training group was that 
perhaps the growth hormones are stimulated by physical training and 
that subsequently growth is accelerated to a greater extent than under 
normal conditions. 

Andersen (1976) investigated the growth of maximal aerobic power 
in 65 Norwegian boys and girls from the Lom community. The testing 
began at age 8 (x = 8.3) and continued throughout four years until age 
12 (x = 12.2) each yearly testing session occuring in the fall (September 
to October ). During that time, new facilities including a swimming 


pool and gymnastics halls were built and fitness surveys were in pro- 
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gress. These factors were thought to improve attitude toward fitness, 
physical education curriculum and out of school sports activities. 


The number of subjects tested each year are presented in Table III. 


TABLE III 


Number of Subjects Tested in Andersen's Study 


Physiological parameters tested were heart rate (maximal), oxy- 
gen pulse, ventilation, tidal volume, respiratory quotient MVO4s 
height, weight, and percent body fat. 

On all parameters except for maximal heart rate and percent body 
fat (which did not change), increments were seen. MVO., expressed in 
terms of body weight went from 52.7 (+ 3.93) to 58.0 (+ 7.95) in the 
boys and from 47.4 (+ 7.01) to 53.6 (+ 6.87) in the girls. 

No significance tests were performed on any data and differences 
on other parameters were too small to be considered significant, how- 
ever, MVO.,/kg did show a considerable increase over the four years. 

One of the reasons given for the increase in the general fitness of the 
children (as measured by MVO.) that was suggested was the improved 


physical education facilities and attitude towards physical fitness in 
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the community. 

Mirwald (1973) investigated the development of maximal aerobic 
power of 51 boys aged 8 to 15 years from the Saskatchewan growth and 
development study. In addition, to assess the representivity of that 
sample to the normal poulation, a cross-sectional sample was tested. 
This resulted in an additional sample of 378 boys. All the subjects 
tested were normal, healthy and faerained: In addition to MVO.5 
height, weight and lean body weight (assessed by skinfold measurements) 
were measured. 

A continuous treadmill test for the determination of MVO., was 
used. The subject walked for three minutes at three m.p.h. This was 
followed by three minute runs at six and nine m.p.h. and finally at 
12 m.p.h. until exhaustion. 

Results indicated stability of MVO,, over the first four years 
of the study. The sample from the growth study was comparable to the 
cross-sectional sample taken. The MVO., of the boys from the growth 
study varied from 57.24 (+ 4.98) at age 8 to 57.18 (+ 4.31) at age 
1] while in the cross-sectional sample, the MVO., values recorded were 
SOs iT P5298) tae ages *to' 55:2 (* 5737) ‘atrage TT. The values *re- 
mained fairly constant throughout this time span (four years) and it 
was suggested that the idea of increased fitness with increased age 
was unprecedented. 

Shephard (1966) in a study presented mean values of MVO,, in 
ml/kg/min from different countries. Three countries (Canada, U.S.A., 


and Scandinavia) had values for children from 8 to 12 and these values 
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along with the values of Mirwald and Andersen are presented in Table IV. 

Another aspect that must be taken into consideration when looking 
at training studies is heredity. As early as 1963, Astrand proposed 
that training in the early years of life had a potentiating effect on 
the functional dimensions of girl swimmers. When he compared the 30 
trained swimmers to normal healthy untrained girls of the same size, 
it was found that the trained girls were superior on functional dimen- 
Sions such as MVO,; heart volume, total hemoglobin, lactate concentra- 
tions, ventilation by as much as 11 to 15 percent. Correlational 
analyses revealed that vital capacity, total hemoglobin, heart volume, 
maximal heart rate and lactate concentrations accounted for 80% of the 
variance with an MR = .930. 

One limitation of the study, however, was that all the athletes 
were hand picked from the best swim clubs in Stockholm, Sweden. Other 
athletes of lower calibre were not compared to untrained girls. How 
representative the top athletes are of athletes in general cannot be 
elucidated from this type of sampling. 

Klissouras (1971), using a technique reported by Vandenberg 
(1965), attempted to establish the-contribution of heredity to the limit 
of functional adaptability with a heretability estimate. The following 


equation was usec: 


(@0, - S054) - Gz - ENZ,) 


H est = ————____—_—_—_ X 100, 
(S02 -27,) 
where error variance was nopefully explained in an actual experiment 


therefore leaving only the variance explained by heredity. 
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Klissouras compared 10 sets of dizygotic twins (DZ) and 15 pairs 
of monozygotic twins (MZ) to see if any difference existed in MVO5, 
ventilation, respiratory rate, tidal volume, respiratory quotient, 
heart rate, and blood lactates concentrations. lMonozygosity and 
dizygosity were established morphologically and with serological exam- 
inations. 

The difference between DZ and MZ twins was significant (p < .01), 
however, MZ twins and DZ twins were not significantly different from 
each other within their own groups. 

The heritability estimate's validity was based on two underlying 
assumptions. First, that the environmental stimuli were comparable for 
both the MZ and DZ twins and second, that no genetic-environmental 
interaction was present. The children were reared in the same city at 
an early age and therefore environment was thought to play a relatively 
small role at this age. In regard to the second assumption, it was 
Suggested that studies comparing training twins versus non-training twins 
would further reveal the possible interaction between heredity and 
training. Klissouras concluded that in a fairly homogeneous group 
such as this that heredity seems to account for most of the variance 
in MVO,. 

In a later study, Klissouras (1972) investigated the effect of 
training in a monozygous trained twin versus his untrained brother 
over a period of one and a half years. Monozygosity was established in 
the same manner as in the previous study. 

MVO 


0, consumption during submaximal work, blood lactates, 
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rate, tidal volume, respiratory ators. 0, pulse, work efficiency 
were all examined in both twins. Measurements were taken at four dif- 
ferent times during the 17 month period. 

Both twins had been very active from the ages of 8 to 15 years, 
participating in sporting events throughout this time. One of the 
two became interested in cars, became a car salesman and thereafter led 
a sedentary life. The other twin maintained his interest in sports and 
athletic endeavours and participated and trained strenuously throughout 
high school and university where he was a physical education student 
playing football and ice hockey. 

At none of the sessions were the twins significantly different 
(p < .01) except in the case of MO, where the trained twin had an 
MVO., of 49.2 ml/kg/min which was 37% greater than the 35.8 ml/kg/min 
of the untrained twin. 

It is of interest to note here that despite this prolonged 
period of training, the active twin was unable to exceed an MVO., of 
49.2 ml/kg/min during the 17 month period suggesting a ceiling or 
limit to his functional adaptability which in view of the previously 
reviewed studies suggests that this limit is genetic. 

Weber, et al. (1976) studied four sets of 10, 13, and 16 year 
old monozygotic twins on the same parameters as in the previous two 
studies. One twin trained while the other acted as a control. In the 
case of 10 and 16 year old twins, MVO, was significantly greater in the 
training as compared to the untrained twin brother. The 13 year old 
untrained group increased their MVO>, as much as the trained and this 


was attributed to the effect of the growth spurt on the development of 
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functional dimensions at this age. 

The training program lasted for 10 weeks with a subsequent one 
year analysis of some of the twins which revealed a similar pattern 
in the development of functional dimensions as the 10 week study. 
Applying the same formula in an analysis of variance revealed that the 
main cause for the difference in MVO., even with training was still 
genetic predisposition. Training, however, was an important variable 
accounting for 42% of the variance as compared to 51% of the variance 
predicted by genetic predisposition. The interaction between the two 
accounted for 7% of the variance. 

The statistical methods used by Klissouras and his co-workers 
in the previously reviewed studies, however, is not well explained and 
needs further study before conclusions can be drawn from such data. 
Further discussion of heredity is beyond the scope of this study 
and the reader is referred to a paper by Gionet (1977) for a more 
detailed summary of the relationship between heredity and functional 


adaptability. 


C.A.H.P.E.R. FITNESS PERFORMANCE ITEMS 

The purpose of this section was to review the paucity of studies 
that deal with some, all, or similar performance items to those incor- 
porated in the C.A.H.P.E.R. battery. 

In 1966 Hayden and Yuhasz published a project designed to estab- 
lish fitness norms for Canadian boys and girls from 7 to 17 years of 
age. The performance items were selected with time, equipment and 


personnel limitations in mind. 
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A total sample of 11,000 subjects were randomly selected. This 
resulted in a sample of approximately 2,125 boys aged 8 to 11 being 
tested in the following items: speed sit-ups, standing broad jump, 
shuttle run, flexed arm hang, 50 yard dash and 300 yard run. 

Ellis, et al. (1975) presented data examining the development 
of the flexed arm hang, sit-ups and standing broad jump in boys 10 to 
16 years of age. The data were from the Saskatchewan Growth and 
Development study. The purpose of the study was to look at the rate of 
growth and the improvement. A sample of 106 boys randomly selected 
from the elementary school systems was used for this study. 

Cumming and Keynes (1967) conducted a study on 497 boys and 
girls aged 7 to 17 to attempt validation of the C.A.H.P.E.R. performance 
items with an MVO., test and the PWC 179: The sample was not randomly 
Selected. Boys and girls were taken from grades one through twelve. 

All the children underwent a PWC 79 test and tne test was merely 
continued until the subjects were exhausted, the criterion for MVO., 
being failure of an increased work load to produce an increased oxygen 
consumption. In addition, all of the subjects completed the C.A.H.P.E.R. 
performance items and height and weight were measured. Body surface 
area was calculated, however, the method of calculation was not ex- 
plained. 

Results were intercorrelated and multiple correlations were 
also calculated to find the best prediction equation of MVO,, by the per- 
formance items. Correlations of the performance items with PWC 179 and 
MVO., varied from .42 with sit-ups to ./76 with the broad jump for the 


boys. A multiple correlation of .82 with MVO, (accounting for 67% of 
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the variance) for the boys was found when the C.A.H.P.E.R. items and 
Surface area were combined, however, the data for this correlation came 
from a large but very heterogeneous sample explaining in part the seem- 
ingly good correlation. 

Much data was collected, however, and these data were used for 
comparative purposes in this study along with the data of Ellis and 
Bailey and that of the national study. These data are presented in 
Table V at the end of this section. 

Olree, et al. (1965) attempted to evaluate the validity of the 
A.A.H.P.E.R. battery by correlating the items from the battery to MVO.. 
A total of 76 subjects aged 16 to 17 years of age were subjected to a 
maximal treadmill] test and to the A.A.H.P.E.R. battery. The subjects 
were ranked according to the percentiles of the norms and it was deter- 
mined that they ranged from 50 in the 50 yard dash to 67 in the 600 
yard run, the subjects therefore being average or above average in all 
performance items. The mean MVO., was 44.9 ml/kg/min and was, therefore, 
average relative to Astrand's classification. 

Correlations varied from .226 with the sit-ups to .532 with the 
600 yard run. A multiple correlation combining the 600 yard run, 
Shuttle run and the 50 yard dash yielded an R = .615 which accounted 
for only 36% of the variance. It was, therefore, concluded that the 
battery of tests was not a good prediction of MVO,. 

Falls, et al. (1966) also attempted to investigate the validity 


of estimating MVO, from the A.A.H.P.E.R. youth fitness test battery in 


2 
87 men from 23 to 58 years of age. The subjects were from the staff 


and faculty of Purdue University. In addition to the performance items, 
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the medicine ball put replaced the softball throw and a drop-off index 
(which was the difference between the 600 yard run time and the 12 x 50 
yard time) was added. Sit-ups were limited to a maximum of 50. 

A maximal test was performed on a bicycle ergometer. Lean 
body mass was estimated with a whole body scintillation counter. Pearson 
product moment correlations and multiple correlations were used to find 
the best predictors of MVO,. 

The multiple correlation between MVO. and the performance items 
yielded an R of .760 which explains 58% of the variance. When some of 
the items were dropped and only pull ups, 50 yard dash, 600 yard run 
and the shuttle run were included an R = .764 or Re = .52 was found. 
With such a large age range, however, it is not surprising to find a 
reasonable correlation with MVO,. In addition, they used the 600 yard 
rum which is not part of the C-A.H-P.E-R. battery, making it impos- 
Sible to compare. Furthermore, they were working with adults which 
would eliminate many discipline and motivational problems that would 
have to be dealt with when testing young children. 

Docherty and Colliss (1976) attempted to test the internal 
validity of the C.A.H.P.E.R. performance items with a sample of 55 boys 
and girls from the ages of 8 - 12. The items were correlated to the 
PWC 179 and PWC 7 expressed in terms of body weight. 


Correlations with PWC varied from .058 with the 300 yard run 


170 
to .21]1 with the flexed arm hang. When PWC1 75 was expressed in terms 
of body weight, correlations improved only slightly to -.168 in the 

300 yard run and to .454 with the flexed arm hang. The 300 yard run 


was judged as an inadequate measure of aerobic capacity. The researchers 
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found high intercorrelations between the performance items (.510 to 
.865) which suggests that some of the measures depict essentially the 
same or similar components of fitness. The elimination of some of the 
measures was offered as a solution to this problem and brought forth 
the idea of a modified battery. The battery suggested included the 
flexed arm hang, speed sit-ups, the standing broad jump and a one and 
one half or one mile run as an indicator of aerobic capacity. The 300 
yard run, the 50 yard dash and the shuttle run were replaced by the 
longer run. The runs, along with the standing broad jump, were all 
postulated to be measuring leg strength because of the high intercor- 
relations. 

Crawford and Mason (1974) tested the reliability of the C.A.H.P 
fitness performance items. In this study 80 boys 13 years of age per- 
formed the C.A.H.P.E.R. fitness items. In the first part of the study 
37 subjects were involved in a simple test-retest reliability coeffi- 
cient calculation for each item in the battery. The children were 
randomly assigned to each item so that there would be no order effect. 
These coefficients varied from .419 in the 300 yard run to .803 in the 
Speed sit-ups. 

In the second part of the study, motivation was added to see if 
this would improve the reliability of the performance items in 40 other 
Subjects. Motivation was implemented by the following different 
methods: 

(1) promising profile of results to each student 


(2) subjects received hand-outs containing percentile norms 


Eis 


TLE < 


viy VEY y 


5 


“ahs ist plone oh 


ea 
se 
21 


a en Es ine ro ° Seed 
ce ie A wil ee siittgat ie + aete 
thea hoe OO BRAY ce ayn ti noe ib eh 
ae asst 

i Means ane ‘Tan Shedetyd be ‘ahowta Ma a | 
‘ay sub a wa ne bil | nee ne ah ad ea 


init ihe ts tan Heh. ‘ons: a 


35 


and scores of top three subjects from Part I 
) wall charts were posted in the gymnasium 
(4) after Test #1 results were posted 
) verbal encouragement was provided at all times 
) during runs there were two subjects sent at a time to 
provide competition 

(7) increased number of trials. 

Reliability coefficients generally increased ranging from .725 
in the sit-ups to .821 in the 300 yard run. The reason given for the 
decrease in the coefficient of reliability in the sit-ups was that a 
group of boys counted the sit-ups performed rather than using the buddy 
system as in Part I of the study. Motivation was attributed as the 
main reason for the increased reliability of the measure. 

Rothermel, et al. (1968) conducted a study in an established 
summer day school. The boys' activity program at this summer school 
consisted of an activity phase and a testing phase. The activity phase 
included three hours of activity every afternoon for five days each 
week for eight weeks. Testing included three hours every morning in 
five mornings. 

Although the A.A.H.P.E.R. youth fitness manual is composed of 
tests that are different procedurally and technically than the 
C.A.H.P.E.R. battery, there are some similarities and it was thought 
interesting to look at this study to get an idea of the effect of 
increased activity levels on such parameters. 

A total of 87 boys from the ages of 7 to 13 years were tested, 65 
making up the control group. Both groups were tested at the same time 


before and after the experiment began. Subjects were selected on a 
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volunteer basis. Statistical analysis included t-tests (< .05) and 
test-retest reliability. 

Test-retest reliability coefficients were done on the experi- 
mental group and this was the only time that the experimental group had 
more exposure to the performance items than did the control group. The 
coefficients varied from .86 in the shuttle run to .95 in the standing 
broad jump. In the means after eight weeks, sit-ups, pull-ups, standing 
broad jump and the 600 yard run were significantly different (< .05) in 
the experimental group while in the control group there was no change. 
In the 50 yard dash, shuttle run and the softball throw there was no 
difference in either group (< .05) before or after eight weeks. 

They concluded that in measures of muscular and cardiovascular 
endurance the experimental group progressed to a greater extent while 
in the other measures which purport to measure speed, agility, and 


coordination there was no difference. 


GRIP STRENGTH 

Everett and Sills (1952) investigated the relationship between 
grip strength to stature and somatotype components and anthropometric 
measures of the hand. Using 400 subjects varying in age from 14 to 29 
years and a hand grip dynamometer, zero-order correlation coefficients 
were calculated for height, weight and age and grip strength, these 
being .60, .66 and .47 respectively. Everett and Sills concluded that 
age had little influence on grip strength. This was demonstrated when 
partial correlations were done by holding other variables constant. 


The partial correlation between age and grip strength was low. Of all 
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the variables, weight correlated the highest! accounting for 44% of 

the variance when zero-order correlations were done. When partialled 
out, it caused the greatest decrease in correlations between grip 
Strength and other variables. The researchers warn us of making any 
conclusions from zero-order correlations, however, since too many other 
factors may be involved and one factor cannot account for all the com- 
ponents of grip strength. | 

Pierson and O'Connell (1962) were also interested in the rela- 
tionship of age, height, weight and grip strength. A total of 299 
healthy males varying in age from 20 to 34 years were studied. The 
sample was heterogeneous coming from four distinct groups, these 
being policemen, recruit policemen, members of athletic teams and 
Students in body conditioning classes. 

Weight yielded the highest r's, these being .43 and .42 for the 
right and left hand grip, respectively. Height correlated only moder- 
ately and insignificantly at .27 for both hands. Age was found to have 
an even lower relationship with grip strenath with r's of .18 and .20. 

The conclusion was that weight was moderately correlated to 
grip strength whereas height and age were not related to grip strength. 

Tinkle and Montoye (1960) conducted a similar study as in the 
previous two investigations also looking at the relationship of age, 
height and weight to grip strength, however, they also attempted to 
relate grip strength to achievement in physical education. A total 
of 635 freshmen and sophomores enrolled in activity classes at 
Michigan State University were randomly selected for the study. The 


grading system at the university was based on letters, A being the 
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highest grade and F being the lowest. A multiple regression revealed 
that achievement and grip strength were related. 

In addition, the relationship of age, height, weight with grip 
Strength were investigated and this yielded r's of .118, .326 and .45], 
respectively. The general conclusion was that grip strength was re- 
lated to weight and that height's indirect relationship to grip strength 
was due to the relationskip between height and weight. 

Yates and Macnab (1977) studied the relationship between a num- 
ber of variables from the present study. Among the variables studied 
were age, height, weight and grip strength. On three occasions one 
week apart 28, 10 year old mite hockey players were tested on all 
variables. Correlations in this study were much higher than in pre- 


vious studies yielding the following results. 


TABLE VI 


Correlations with Grip Strength in Yates and Macnab (1977) 


Left Hand Right Hand OL 
Height 56 203 01 
Weight .62 . 68 01 
Age ~49 46 sO} nande305 


These variables were only several of many and the purpose of 
Yates and Macnab's study was to validate a battery of hockey skill 


tests rather than to look at the relationships presented in Table VI. 


Jones (1946) looked at skeletal maturing and the relationship 
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to strength in children from the ages of 11 to 17.5 years. Much data 
were collected on different strength measures. Grip strength curves 
demonstrated a sudden upward inflection at the age of 13 or what was 
also termed the onset of the pubertal growth spurt. When early, aver- 
age and late maturers were compared on grip strength, the early maturers 
were found to be superior to both the average and late maturers and 
this trend was consistent from year to year. The difference between 
the early and late maturers was significant at the .0] level. It was 
also noted that the early maturers were heavier and taller than late 
maturers at all ages. During the growth spurt, the growth of the limbs 
of the body comes first and strength lags a little behind, however, 
Jones notes that this lag was not as readily noticed in the early 
maturers. Jones also stated: 

“During several years in adolescence, the 

late maturing individual is so slow in 

realizing his physical potentialities tnat 

he tends to be nandicapped in athletic 

competition and in status-relationship 

with others of the same age." 

The data from this study and the following two studies are pre- 
sented in Table VII. 

Montpetit and Montoye (1966) investigated the grip strength of 
Saginaw school children to compare them with children from the same 
town that were tested in 1899. The original study from 1899 had a 
total of 1,507 subjects from the ages of 10 - 18. In the latter study 
485 boys and 423 girls were studied, their ages varying from 8 to 1/7. 
The means of the boys' grip strength from the ages of 8 to 11 are pre- 


sented in Table VII. Two trials were given with each hand as the 
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children squeezed a Collin elliptical dynamometer. Height and weight 
were measured in all subjects. The 1963-64 population was superior 
to the 1899 group at all ages in both sexes after the age of 13. All 
data were descriptive, however, and significance tests were not com- 
puted. In looking at height and weight it was discovered that the 
1963-64 population was taller and heavier than the population of 1899. 
Correlational analyses revealed a relationship between weight that 
grew from the ages of 8 to 11 and the reverse was found with neight 
when both of these variables were correlated to grip strength. This 
was evidenced by partial correlations which showed a decreasing rela- 
tionship with height from .34 to .00 and an increasing relationship 
with weight from -.17 to .43. Zero-order correlations with height 
varied from .33 to .17 and with weight from .15 to .74 at age 11 and 
back down to .56 at age 16. 

Howell, et al. (1967) investigated the status of muscular 
strength in approximately 36 boys and 39 girls at each age level from 
the ages of 7 to 15 years to look at the difference between sexes, 
provide percentile norms of strength and to look at the development of 
the relationship between weight, height and strength from year to year. 
A random sample from the Edmonton Public School Board System was sub- 
jected to a variety of strength tests. These included: left and 
right sides for grip strength, elbow flexion, elbow extension, knee 
extension as well as a back and a leg lift test. Test-retest relia- 
bility coefficients were computed and zero-order correlations were 
calculated permitting the investigation of the relationship between 


height and weight and the different strength measures. 
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Test-retest reliability coefficients for grip strength ranged 
from .7/3 to .97 throughout the study. Some subjects were given a 
complete retest and the reliability coefficients increased, narrowing 
the range to four from .91 to .95. Zero-order correlation coefficients 
revealed that grip strength varied in its relationship to height and 
weight over the eight year span of the study. Weight correlated from 
.39 to .42 for the left and right hand, respectively, at age seven to 
.49 and .68 at age 15. Height on the other hand went from .54 and .59 
at age seven to .40 and .51 at age 15. In general, the correlations 
with height varied greatly, but showed a definite decrease, going as 
low as .03 and .07 at age 14 whereas the correlations with weight 
Showed a consistent trend towards greater correlations from year to 


year. 


ROCKEY SOK ILUSMEESTS 

Many skills tests have been devised for the purpose of evaluating 
the ability of hockey players and Lariviere (1974) points out that this 
dates back as far as 1935. Unfortunately, some of these measure only 
one test (Sabasteanski, 1949; Tower, 1959; Doroschuk and Marcotte, 1965) 
and others are batteries of tests but seldom have there been attempts 
to validate these tests as performance predictors (Hansen, 1970; 
Brown, 1935, Percival, 1956). 

Merrifield and Walford (1969) attempted to validate a hockey 
Skills test battery which included a forward and backward speed skating 
test (each being 120 feet in length), an agility test, a puck carry 


test and a shooting and passing test. All the tests were scored with 
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a stopwatch except in the case of the passing and shooting test in 
which subjects were evaluated by awarding them a point for every tar- 
get hit. A total of 15 subjects were rated according to their hockey 
ability which, in the author's and coach's opinions, varied from 
experienced to inexperienced. This rating was used to calculate the 
validity of the tests. Reliability was calculated by the test-retest 
procedure. In both the reliability and audi analyses the Spearman 
rho formula was used. 

The reliabilities of the skating tests were reasonable yielding 
an r = .74 in the forward speed skate, .80 in the backward speed skate, 
.93 in the puck carry and .94 in the agility test. The reliabilities 
of the other two tests were low and this was judged to be due to the 
fact that only two trials were permitted, 

The validity coefficients of the tests ranged from .75 in the 
backward speed skate to .96 in the puck carry. Backward skating corre- 
lated well with the agility test yielding an r of .91. Although the 
validity test yielded relatively high coefficients, an inherent limi- 
tation exists in the study. The sample studied was very small, but 
nevertheless heterogenous in nature with respect to abilities in the 
sport of ice hockey and this could very likely have made the coach's 
rating a very simple task. In addition, this rating probably coincided 
quite well with the scores the subjects achieved on the skills tests, 
therefore, results from the study must be taken with caution. 

In a subsequent study (1971) the same authors investigated the 
reliability and validity of the same skating tests on young boys 8 to 


11 years of age. The same procedures were followed in this study. 
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All 94 subjects were Pee Wee hockey players and an approximately even 
number of boys were tested at each age level. In all the tests the 
Subjects were given two trials, the best being used for reliability 
and validity purposes. 

The reliability of the tests ranged from .55 to .97 in the 
different tests at different age levels. The tests generally yielded 
good reliability coefficients in all tests at all age levels. 

The validity coefficients that resulted are presented in Table 


VITTs 


TABLE VITI 


Validity Coefficients of Different Skills Tests 


Forward Backward Agility Puck 
Age (years) Skating Skating Test Carry 


8 .69 64 46 iy 
9 Oo AAS oe ay AY 
10 | 64 Ay ES: Oi 
1] . 64 64 90 58) 


Times were found to decrease with age, the greatest change 
being from 8 to 9 years and the smallest from 9 to 10 years. The 
backward skating test, the agility test and the puck carry test were 
all deemed valid, the latter of the three being the most important. 
The puck carry test was suggested as the one most closely measuring 
the skill level of the players. 


Hansen (1970) conducted a pilot study on a battery of ice 
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hockey skill tests. A total of 16 tests were administered to 173 
Mosquito, Peewee, Bantam and Junior A players. Of all these tests, 
only eight were recommended by Hansen, these being the Hansen's agility 
test, Marcotte's modified puck control test and 60, 90, and 120' speed 
LESS. 

Results indicated high intercorrelations between some of the 
tests. For example, the 90 feet fone speed skate had a correlation 
coefficient of .81 with 120 feet speed skate. The reasonable relia- 
bility of these tests was evidenced by a correlation of .7]. The 
validity coefficient based on a subjective ranking by the coaches was 
.58 for the 90 feet and 120 feet speed skate. 

The same pattern followed with the backward skating test, the 
90 feet and 120 feet tests predicting each other quite well. In addi- 
tion, the 120 foot test predicted the agility and puck control tests 
qite well. The reliability coefficients calculated for the 90 feet 
and 120 feet backward skating were .79 and .84 respectively. 

The Hansen's puck control test tended to have lower correlations 
with other tests but predicted both forward and backward skating quite 
well and was related to other puck control tests. Furthermore, it 
correlated poorly to agility which would seem to indicate that it is 
measuring a component of skill that is not measured in the other tests. 
Reliability was higher (.74) with junior players than with bantams 
(.48) and peewee (.66) players and a validity coefficient of .51 was 
found. 

The agility test also predicted both forward and backward 


skating and yielded a reliability coefficient of .58 with the Juniors 
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and .48 with the bantams. When the test was used with another group 
of 28 hockey players a reliability coefficient of .87 was found. The 
validity coefficient for this test was .58. 

The Marcotte's modified puck control test obtained a reliability 
coefficient of .74 and a validity coefficient of .63. It should be 
noted that many of the data were not reported and for this reason some 
of the correlation coefficients are not presented in the review. 

Jobin (1973) conducted a study to establish the validity of the 
battery of skills tests used in the present study (excluding Macnab 
and Gill's backward agility test). A multiple regression analysis 
revealed an MR of .44 explaining only 19% of the variance. His sample 
was very small and homogeneous, however, including only 14 hockey 
players and this could definitely affect the regression analysis. 

Yates and Macnab (1977) attempted to evaluate the predictive 
powers of the same battery of skills tests as Jobin including Macnab 
and Gill's backward agility test. A multiple regression was per- 
formed on the collected data and the coach ranked the 28 hockey 
players involved in the study. Half of the children were members of 
a control group and half were members of an experimental group. 

Correlations between the coach's rating and the different 
skills tests ranged from .49 with the 60 feet forward speed skate to 
.90 with the modified Marcotte puck control test. The multiple re- 
gression revealed that Marcotte's modified puck contro] test and 
the Macnab and Gill backward agility test predicted overall perfor- 
mance the best with an MR of .93 explaining 86% of the variance. The 


criterion for stopping the analysis was less than a 4% change in the 
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MR with any of the given variables. 

These results are based on subjective evaluation, however, and 
must be accepted with a certain degree of caution. The difference in 
skill level between the hockey players may be great enough to make 
both the subjective rating and the results of the skills tests very 
similar. The best predictors in this study, however, revealed a con- 
Sistent pattern with other studies. It seems that in validity studies 
the backward skating items and puck control items are consistently 
the best predictors. It is possible that these measures are the best 
monitors of overall ability in the technical aspects of hockey. 

Thibault (1973) looked at the effects of a season of ice hockey 
on the improvement in ice hockey skills tests in a group of 14 hockey 
players 8 years of age. Forward and backward speed skates did not 
improve significantly, however, the forward agility and puck control 
tests used (which are the same as in the present study) improved 
Significantly. This could have been due partly to learning since it 


was the first year of exposure of the boys to fairly complex skills. 


Retention of Motor Skills 
The following studies deal with an important phase of learning 
called retention. They are directly related to the effect of lay-off 
periods or periods of no practice on the retention of motor skills. 
Meyers (1967) investigated the effects of prolonged lay-offs 
on the retention of balance coordination learning. A total of 100 
Subjects, their ages averaging 15.7 years, volunteered for the investi- 


gation. 
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A ladder climb test was OTIS to test the balance coordina- 
tion learning of the subjects. The ladder was comprised of staggered 
rungs on the left and right side and the top rung that was to be 
grasped was adjusted so that the subject could do so only when the arm 
was fully extended. 

The subjects were randomly assigned to five groups from A to E. 
The lay-offs in each group varied from 10 minutes to 13 weeks. The 
Subjects were scored by having them do 30 second trials, the highest 
rung attained before losing their balance being their score. Once the 
Subject had performed 10 trials the scores were summed and the mean 
was taken as the subject's score. 

No difference was found in any of the groups. No skill loss 
was evidenced even after a 13 week lay-off and it was concluded that 
balance coordination learning retention was extremely high since the 
Subjects exhibited complete retention after 13 weeks. 

Purdy and Lockhart (1962) wanted to answer the following ques- 
tions in their investigation: 

(1) Are skills retained after long periods without any 

practice? 

(2) How much practice is needed to regain proficiency 

after a lay-off period? 

(3) Does skill level have anything to do with the 

ability of retaining or relearning skills? 

(4) Is initial performance in new skills an index 

of future performance? 


To answer these questions 36 females were retested on a battery 
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of tests that had been used in the previous study. The following five 
Skills were assessed: 
(1 
(2 


nickel toss 
ball toss 


(4 


) 
) 

(3) foot volley 
) lacrosse (throw and catch) 
) 


(5) bingo board (balance test). 

The girls were classified as high skilled, low skilled or aver- 
age on the basis of scores on five sports skills tests and a subjective 
ranking. 

Statistical analysis revealed the following points of interest. 
First, the skills were retained after approximately a year. Second, 
relearning to previously attained skill levels was rapid since it only 
took three days to relearn the skills. Third, the skill groups main- 
tained their relative positions in learning, retention and relearning. 
The average group retained 98% of the skill while the high and low 
skilled groups retained 93% and 83% of the skills, respectively. All 
groups relearned at least to 100% and some even to 120% of the oria- 
inal performances of the tasks and all skills were relearned to the 
Same dearee. The investigators claim tnat there was no practice of the 
skills during the year lay-off and that the girls knew nothing of 
the possibility of being retested. 

Ryan (1962) in a subsequent study looked at the effect of a 
lay-off on pursuit rotor tasks and stabilometer performance in 80 
volunteers. The subjects were randomly assigned to one of four dif- 


ferent lay-off periods, these being 3, 5, 7, and 21 days. 
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In the pursuit rotor tasks the subjects followed and tried to 
Stay on a moving metal target. The subjects were scored by the number 
of seconds they could stay on target. A total of 12 one minute trials 
were given. In the stabilometer test the subjects were required to 
balance themselves, this being scored according to the number of 
movements they made, the more movements they made the worse the score 
and vice versa. A total of 12, 30 shoal trials were given. 

When the different groups were retested on both skills, no 
Significant difference was found between the subjects group in the 
different lay-off periods. All groups improved significantly (.05 
level), however, the stabilometer performance was impaired slightly 
but insignificantly. In addition, when the two skills were compared 
the correlation coefficient yielded was .22. The authors, therefore, 
implied that retention had a different effect on different skills. 
They also implied that retention was not related to the length of the 
lay-off period, however, the lay-off period itself was very likely 
too short to demonstrate forgetting of the skills in question. 

Ryan (1965) looked at the effect of extended lay-off times 
on stabilometer performance in 90 men averaging 30 years of age. The 
Subjects began with a three trial pre-test and had a three day lay- 
off. The following session they completed 11, 30 second trials and 
were placed in three groups of 30. One group had a 6 month lay-off, 
the second a 9 month lay-off and the last had a 12 month lay-off 
before being retested. Identical jtastructions were given prior to the 


retesting session. 


All groups had lost a certain amount of proficiency, the first 
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group retaining 50%, the second 42.2% and the third 19.1% of their 

Skills after the pre-test and post-test scores were compared. Groups 
one and two were significantly different from group three. The third 
group retained much less and relearned more slowly taking more trials 


to regain their initial proficiency level than other groups. 
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CHAPTER III 
METHODS AND PROCEDURES 


Sample 


Except for one subject, all the participants in this study were 
from the community of Malmo in Edmonton, Alberta. 

During the first year of the study the competitive hockey group 
included 14 boys 8 years of age as of December 31, 1973. A similar 
group of boys who were not participants in hockey was used as a control 
group (Thibault 1973). The competitive group remained unchanged during 
the second year, however, three subjects dropped out of the control 
group (Gill 1976). 

In the third year a new control group consisting of subjects who 
played hockey in a more recreational league and of a lower skill level 
was introduced. One player was added to tne competitive group (Yates, 
unpublished). 

The group remained unchanged during the fourth year. One subject 
from the competitive group dropped out of the study while one player 
from the control group was transferred to the competitive group since 
he became a member of the competitive hockey team. 

At the end of four years of study there were fifteen subjects in 
both the competitive and control groups. Data were collected on all 
measures for the four years with the competitive group. For the hockey 
control group, however, data exists only for the last two years. Two 
of the control group subjects were excluded from analysis because of 


missing data. 
54 
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The competitive group was considered to be highly skilled and 
trained since they played an average of 63 games a season. They were 
Edmonton city finalists in two of the years and Edmonton City champions 
in the fourth year of the study. In addition, they averaged two prac- 
tices a week and attended approximately four weeks of hockey school 
instruction during the summers. They were also involved in activities 
such as soccer, lacrosse, fastball and power skating. 

The hockey control group played an average of 25 games per year 
and practiced once a week. They were considered to have trained to a 
much lesser extent than the competitive group during the hockey season. 

Both groups were considered highly active and were not consid- 
ered to be a random sample of the general population. Some of the 


characteristics of the subjects are presented in Appendix A. 


Testing Conditions 
Two batteries of tests were included in each year of this study; 
hockey skill tests and the CAHPER fitness performance items. Grip 


strength, P.WoC. height and weight were also measured each year. 


170° 
During the first season the hockey skill tests were conducted 
on an outdoor rink with temperatures varying from +15 to +25°F. Ice 
conditions were considered to have varied greatly (Thibault, 1973). 
For the last three years these tests have been conducted at the ice 
arena of the University of Alberta. 
The C.A.H.P.E.R. fitness performance items, height and weight 


were conducted in the main gymnasium of the University of Alberta 


during the first three years. During the fourth year, however, main 
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gymnasium renovations and time limitations forced scheduling of the 
events in the dance and gymnastics gymnasia. The 50 yard dash and the 
300 yard run were run in the corridor adjacent to the men's and women's 
locker rooms. In this manner, it was hoped that variability of 
conditions could be kept to a minimum. 

The P.W.C. 159 and grip strength tests were conducted in the 
physiology laboratories at the University of Alberta in the first year 
and at the Malmo community centre for the last three years of the study. 

Pre and post season measures were taken each year for tne hockey 


Skrrisy tests. Grip strength, P-W.C. height, weight and the 


0s 
C.A.H.P.E.R. fitness performance items were measured pre and post 
season during the first year but only post season in the following 
three years. Table I depicts each measure and the approximate date 


of measurement denoted by month. 


Table IX 


Data Collection Dates 


Diet, external activities and environmental conditions were not 


controlled at any time during the study. Environmental conditions were 
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judged to be fairly constant throughout the study except in the pre- 


viously mentioned case of Thibault's hockey skills testing. 


Testing Procedures 


P.W.C.1 70 


The P.W.C.1 50 test was conducted according to the method of Howell 
and Macnab (1968). A modified Monark bicycle ergometer with adjustable 
pedals and seat was used. The seat was adjusted for each subject to 
Suit their leg length and comfort. The bicycle was zeroed and cali- 
brated prior to each testing session according to the method of Howell 
and Macnab (1968). The calibration constants are recorded in Appendix B. 

The subjects pedalled for twelve minutes at sixty revolutions 
per minute. A pre-calibrated metronome was used to designate the rate 
of pedalling and the subject was instructed to pedal in time with the 
metronome. At the fourth and eighth minute of the test the workload 
was increased so that subjects achieved the desired heart rates at 
each stage of the test (Howell and Macnab 1968). Three plate electrodes 
were attached to the subject; one on each side of the subject's chest 
and one on the right side of the back. Heart rate was recorded with 
an E.C.G. 500 Sanborn Viso-Cardiette. A resting heart rate and minute 
by minute heart rates were recorded during the test. A revolution 
counter was connected to the bicycle to record the exact number of 
revolutions pedalled by the subject during the test. 


Predicted MVO., 


Predicted values of MVO., were calculated using a computer program 


constructed on the basis of the Astrand nomogram. The physical work 
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capacity values were inserted to get the estimate based on the heart 
rate versus the work load. A copy of this program is presented in 
Appendix C. 

C.A.H.P.E.R. Fitness Performance Items 

The C.A.H.P.E.R. fitness performance items were conducted accord- 
ing to the method of C.A.H.P.E.R. 1966. The performance test consisted 
Of. 

(1) 50 yard dash - From a standing or crouched position the 
Subjects ran a 50 yard straight sprint in pairs. On the starter's sig- 
nal ("Ready, Go") which was the brisk downward motion of his extended 
arm, the timers started the stop watches and they were stopped when 
any part of the body crossed the finish line. Both subjects were 
monitored and times were recorded to the nearest tenth of a second. 

(2) 300 yard run - The 300 yard run was conducted using the 
Same criterion and metnod as the 50 yard dash. The course for this 
measure consisted of two pylons set 50 yards apart which was circled 
three times. 

(3) Shuttle run - On the starter's signal two subjects lying 
face down at the starting line ran to a point 30 feet away, picked up 
a block, returned to the starting line, placed the block behind the 
starting line, returned and picked up the second block, then sprinted 
straight through the finish line. Criterion and times were recorded 
as in the previous two runs. Two trials, with a rest between trials, 
were given with the best time for each subject being recorded. 

(4) Speed sit-ups - To perform the sit-ups subjects laid on a 
mat with their hands clasped behind their heads and knees bent. A part- 
ner held the feet down on the mat while the subject performed his sit- 


ups. 
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On the starter's signal "Ready, Go", subjects began to perform 
the sit-ups touching their elbows to their knees and returning to a 
prone position on the mat. The subjects were asked to do as many of 
these sit-ups as they could in one minute. At the end of sixty seconds 
Subjects were instructed to stop and their scores were recorded to the 
nearest complete execution of a sit-up. 

(5) Flexed arm hang - The subjects grasped a horizontal bar 
with palms towards the face. Help was given to each subject to lift 
him up to the bar. The subjects were instructed to keep their arms 
flexed so that the bar was at eye level at all times. A stop watch was 
used to record, to the nearest second, the moment at which the subject 
could no longer hold this position. Only one trial was permitted and 
the test terminated when the subjects could no longer keep the bar at 
eye level. 

(6) Standing broad jump - The subjects began with their feet 
Slightly apart and with their toes behind a starting line on the floor. 
Then, by bending their knees and ankles while swinging their arms, the 
Subjects jumped as far as they could. Scorers marked the distance 
jumped from the starting line to the back of the nearest heel. The 
Subjects were instructed to take off with their knees bent at an angle 
of 30 to 45 degrees. Two trials were given and the furthest jump was 
recorded to the nearest inch. 

Motivation by encouragement was given to all subjects in all 
events. Instructions on how to perform all the tests were given prior 
to the actual testing. All subjects were tested in one or two consecu- 
tive days or evenings. Subjects wore gym shoes for all events and most 
of the subjects wore gym equipment. All measurements were made using 


"Hanhart" stop watches and a cloth type 50 meter measuring tape. 


; 4a patie ened a c , 


ei ee 


aikw had nw qos: a ao: 1 8, te iy ss) “— 


7 me i 
al wl 


i rp 


vegan (9: git? me ny rab e saisnd: ddiniieats ath saihak — 
oat sere Mart wi not ‘af thy avis baw ¥ eh vile wines 


sonal wilt bitrate siatent, cn 


st Same neon, and, to: aed ait sa 
vatigns it * al cals bine: ie vie 


60 


Height and Weight 


In conjunction with the C.A.H.P.E.R. fitness performance items, 
height and weight were recorded on a medico-detecto scale. Height was 
recorded to the nearest inch and converted to the nearest tenth of a 
centimeter and weight was recorded to the nearest .5 of a pound. Shoes 


were removed for both of these measurements. 


Strength Measurements 


In each year of the study, grip strength was measured just prior 
to the physical work capacity test with a Stoelting hand grip dynamometer. 
The subject adjusted the handle to a comfortable position, and the 
tester demonstrated the technique to be used. The subject was instructed 
to begin with the dynamometer at shoulder height with the arm extended 
out from the body then squeezed the dynamometer as hard as possible 
bringing his arm down to his side. Each subject was given two trials 
with each hand and the best score for each hand recorded to the nearest 


.5 kilogram. 


Hockey Skill Tests 


Hockey skill test measurements were made during the pre-season 
and post-season of each year by the method of Hansen (1970). In addition, 
backward agility test was administered in the post season of the second 
year and the pre and post season of the last two years. Prior to each 
test, instructions were given by explaining and demonstrating the 
procedure of each test. If a subject failed to properly execute any 


particular test he was sent to the back of the line to repeat the test. 


\ Aue ree i 
five 
ene ney 
Te wea 
i 
ay 
ye, : 7 Mi 
‘ a " 
Oy 


“ ten ll vain: ‘ Sad a! ‘iene 
Pit, Be oy " vale ‘al ier oes ¢ i e ode te way ee, re 
(xt Shangri ee aie tinsel git taba b the ied (Posse: Sow: footauie’s a 
any Be Pe sidthe in. & oe aloe “art bedaulbe’ ; 
eet jaa gh wit “ihe ie ‘ yeu ed oy ‘supra oid avoid AVY 
arya AS, mie wath ne Ww vishal seagate +6 ‘notanonn ae hay bai! ) 
rsa ae a tet wisi "tei 
cl + ht we hone he 


6] 


Q XLpuaday ut saunbiy Jo puobaq 


es Oe 


nN Se eee 


EASES 


JSA] JOAJUO) YING S$ ALJOUDW Peojlpoyw jo uoljojuasaiday DjOWnDIBDIG 


yl And Ly 


- , ryt 
ae ; n Ay 
ely dgng t= hb wm Ae re ten ye 

PODS E ie atk nla herrea 
Bi Ca et eee 


4 coed i 
Nie weeny 
i tk ie) 
7 i - bce _ 
{ Pan i 
ul f 
: a 
i 
cd \ 
i ; , 
hl. ; 
‘ { : 
i 
va i * 
\ 
: i 
i i 4 


iT a) vy i ‘ ne v a u r 7 
agency amet ll sag ey Se en ee ee 
5 4 L i nan i i may: N a. ; 


Ns ‘ \ ’ i . 
iy Poe 


1) ; } r ; ree ; 
eH) hie wre le OH A i eS — ceed 


i a 
e 


= 


| , fi 4 ie ; > iy i - 2 7 ys 
a Pa a eae? een peels a whip Beebe ina Z 
wu Baa i i v Tt i ae we vA 
4 rie 14 " x a y ’ \ i‘ oy i 
: Y ; 
4 i : in , 
n + 


‘ 
‘ 


eats 


he ee afin i 


62 


(| Xipuaddy ut sounDdiy JO pusbo] , 


JS] JOAJUOD YONG S,UBsU_}Y Jo uUOlyDJUasaiday ByOWDoIHDIG 


xo OANDLY 


AOe Foie 


nt 


ve ms 
‘ 


iy 
1 


63 


Measurement procedures and criterion were analogous to the C.A.H.P.E.R. 
running item. An explanation of each test with figures, where neces- 
Sary, follows. 

(1) Forward Speed Skate (60', 90', 120') - The subject had a 
running start from the end boards and skated as fast as possible from 
the goal line past three cones which were set linearly at 60, 90 and 
120 feet. Subjects skated in pairs, pedeuRthest away from the timers 
being a motivator. The two players then went to the back of the two 
lines alternating lines as they did so and the second subject was 
timed during the second trial. Timers were located at each pylon. 

(2) Backward Speed Skate (60', 90', 120') - The procedure in 
this test was exactly the same, however, the players started from a 
Standing position at the goal line and skated backwards on the sprint 
past the cones. 

(3) Marcotte's Modified Puck Control Test - Figure 3-1 depicts 
the course that subjects followed on this test. The subjeet started 
at the goal crease with a puck on his stick and both skates on the 
line. He then skated out as far as the first cone, changed directions, 
skated back, weaved through the cones on tne ice and sprinted back to 
the finish line. 

(4) Hansen's Modified Puck Control Test - Figure 3-2 depicts 
the course the subjects travelled to complete this test. From a stand- 
ing start, the subject kicked a puck ahead to his stick from the blue 
line and skated around the first cone in a counter-clockwise direction. 
He then skated towards the stick and jumped over it while handling the 


puck and proceeded to the boards. From there he skated backwards to the 
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next cone, turned around, skated to the third cone and circle it 
entirely in a clockwise or counter-clockwise direction. Following this, 
he skated to the fourth cone and circled it in the opposite direction, 
then skated past the blue line. 

(5) Forward agility test - Figure 3 presents a diagrammatic 
representation of the course for this test. From a standing position 
with his back to the first cone, the enedect Skated backwards to the 
cone, reversed directions, jumped over the blue line, ran past the 
hockey stick, went around the first cone, circled the next and skated 
back to the finisna. 

(6) Backward agility test - Figure 4 shows the course to be 
followed during this test. From a Standing position in between the 
cones, the subject skated backwards weaving through the cones to the 


finish line 75 feet away. 


Statistical Procedures 

Means and standard deviations were calculated for each test and 
graphs were used to present the longitudinal development of each measure. 
No data nad been collected for two subjects in the competitive group 
during the first two years. Since these two subjects would be involved 
in future years it was determined that estimates of data for the first 
two years based upon the relation to tne values they obtained in the 
last two years would be advantageous. These two subjects are indicated 
by aSteriks. 


The estimation procedure is explained on the next page. 
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Eee 

] Z 3 4 
Subject's Scores LOeZ TOs 8.9 18 foe 
Group Mean 10.0 bi fr 9.0 Ero 


Therefore, the subject was .5 below the mean across the board 
and .5 + 4 = .1 below the mean. Thus, in all other scores of the 
previous two years for that measure his score was adjusted to one 
tenth below the group mean. 

During the backward agility test, a procedural error when 
measuring the length of the course caused a gross overestimation of 
times in the case of eleven subjects in the competitive group. Five 
of the subjects were retested but because of time limitations and ice 
removal, it was impossible to retest six of the subjects. Rather than 
jeopardize the analysis of the data in this test, a similar estimation 


of their times was made. 


Testing Procedures 


In each year of testing all procedures were kept constant in 
several ways. The study was initiated by Dr. R. Macnab in 1973 and 
he led and supervised all testing sessions from year to year. All of 
the secondary investigators collaborated and helped each other in 
testing sessions from year to year. Methods and procedures were 


written and were consistent in each year of the study. 
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CHAPTER IV 
RESULTS AND DISCUSSION 


All raw scores of the present study are reported in Appendix D, 
and E. All raw scores of the comparative studies are presented in 
Tables I, IV, V, and VII. Each variable studied has been graphed and 
will be presented in the appropriate section of the discussion. The 


experimental group is indicated by a dotted line on all graphs. 


Body Weignt 

It can be seen from the grapn in Figure 5 that the body weight 
of all study groups increases yearly except in the case of the Winnipeg 
children (Cumming and Cumming, 1963), however, the latter is a cross- 
sectional sample and this definitely could have had an effect on all 
results yielded from that study. The California (Adams, et al., 1961) 
sample placed very high relative to the other groups. The children 
from the present study are similar to other Canadian data (Howell and 
Macnab, 1967), Swedish (Adams, et al., 1961) children and the control 
group wnich suggests an apparently normal development with respect 


to this measure. 


Height 
Figure 6 depicts the height of the children from the same studies 
except for that of Howell and Macnab (1967). In the first year of the 


study the experimental group is slightly taller than the rest, but in 
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Figure 5 
50 | 
Means of Body Weight vs. Age 


@ Present Study (N = 60) 
O Canada (N = 443) 

A Grande Prairie (N = 139) 
A California (N = 40) 

@ Winnipeg (N = 20) 

@ Contro! Group (N = 22) 
© Sweden (N = 63) 
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Figure 6 
[core 
Means of Height in Centimeters vs. Age 


@ Present Study (N = 60) 
@ Control Group (N = 22) 
O Sweden (N = 63) 
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Subsequent years the experimental Haute is overtaken by the Californian 
(Adams, et al.,.1961) sample and the Swedish (Adams, et al., 1961) and 
control groups closely approximate the values of the experimental group. 
Traditional lines seem to be followed here, however, the experimental 
group more closely approaches the values of the Californian children 


(Adams, et al., 1961). 


Physical Work Capacity 

Figure 7 illustrates the development of physical work capacity 
in the experimental group (dotted line) and the control group along 
with other available data. When body weight is not factored out, 
the Californian children (Adams, et al., 1961) surpass those of the 
present study. The data of the others (Cumming and Cumming, 1963; 
Adams, et al., 1961; Dunkley, et al., 1976; Howell and Macnab, 1967) 
and the control group remain lower than the experimental group. 

The general picture furnisned by Figure 7 illustrates inferiority 
relative to the Californian sample (Adams, et al., 1961), superiority 
over the Winnipeg sample (Cumming and Cumming, 1963), equality with 
the Swedish (Adams, et al., 1961) children and superiority over the 
Grande Prairie (Dunkley, et al., 1976), the control group and the 
Canadian norms (Howell and Macnab, 1967). 

It is difficult to make any conclusions regarding the PHC 36 
values of the experimental group when they are compared to the Cali- 
fornia, Swedish, Winnipeg and Grande Prairie children. All of these 
previously mentioned groups are made up of cross-sectional and non- 


random samples rather than a true longitudinal samole and it would 
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Figure 7 


700 
Means of Physical Work Capacity (kpm/min) vs. Age 


@ Present Study (N = 60) 
@ Control (N = 22) 

0 Canada (N = 443) 

A Grande Prairie (N = 139) 
A California (N = 40) 

@ Winnipeg (N = 20) 

O Sweden (N = 63) 
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therefore be spurious to claim that these groups are normal. 

In the case of the Canadian norms, however, a much larger random 
sample was chosen for study across the entire country and this group 
can more readily be accepted as a representative sample of Canada. 

Relative to the Canadian norms, the experimental and control 
groups of the present study show a definite superiority. With respect 
to sedentary individuals, it would seem that hockey players exhibit a 
Superior energy delivery system. 

To develop this point even further, however, it is perhaps more 
precise to express physical work capacity in terms of body weight. 

When this is done, a totally different perspective arises (Figure 8). 
The experimental group is definitely superior to all other groups 
except the Winnipeg children at age 8. In addition, it is interesting 
to note that the control group itself is only surpassed by the Swedish 
children (Adams, et al., 1961) and the experimental group. 

The pattern of progression shown in both Figures 7 and 8 are 
Similar in all the studies, however, the magnitude of the change in 
the case of the experimental group is much greater since they begin 
at an already superior level. It is of interest to speculate reasons 
for which this superiority exists in the experimental group and why 
it persists over the four year span. 

Many problems arise from the attempt to delineate growth and 
training. Changes in work capacity may be due to both of these factors, 
or it could be due to other factors such as heredity (Klissouras, 1972; 


Weber, et al., 1976) or a change in hormonal actions on the body or a 
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Figure 8 


Means of Physical Work Capacity (kpm/kg/min) 
@ Present Study (N = 60) 
@ Control (N = 22) 
O Canada (N = 443) 
A Grande Prairie (N = 139) 
A California (N = 40) 

16 @ Winnipeg (N = 20) 

O Sweden (N = 63) 
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combination of these factors. 

Growth can be said to be factored out to a certain extent when 
a control group is used and in this instance from looking at Figure 8 
Dlaying hockey in addition to high activity levels during the summer 
can be postulated to be responsible for at least part of this change. 
Still, the experimental group is an elite group and was selected to 
play on the experimental group's team at an early age. With this in 
mind, it would have been interesting to compare these children as 
early as the age of five or six. Perhaps heredity would have been 
evidenced aS a more important factor or perhaps a training effect 
could have more easily been demonstrated. On the one hand, training 
Studies (Cumming, et al., 1967; Cunningham, 1976; Massicotte and 
Macnab, 1974; Seliger, et al., 1974; Sprynarova, 1974; Cunningham and 
Eynon, 1973; Daniels and Oldridge, 1971; Ekblom, 1969) are in disaqree- 
ment concerning the effects of training on the working capacity of 
children and on the other hand, some investigators (Astrand, 1963; 
Klissouras, 1973; Weber, et al., 1976; Klissouras, 1971) have offered 
the possibility of a genetic ceiling and that training may possibly 
nave a potentiating or maximizing effect on cardiovascular fitness. 

Also, it is difficult to relate ice hockey to MVO., or aerobic 
power and vice versa. Studies (Seliger, 1968; Seliger, et al., 1972; 
Houston and Green, 1973; Nagai and Ogawa, 1972; Green and Houston, 
1975; Houston and Green, 1976; Hedberg and Wilson, 1976) have shown 
that a high aerobic component is not necessarily characteristic of a 
hockey player. When compared to other endurance athletes (Nagai and 


Oaawa, 1972) hockey players do not have as high an MVO,,. [ic 1S. per- 
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haps more realistic to assume tnat there is a considerable partici- 
pation of the anaerobic and aerobic energy systems when playing the 


Sport of ice hockey. 


Predicted MVO,, 


Data on MVO, nas been recorded in children over the years 
(Andersen, 1976; Mirwald, 1973; Shephard, 1966) and these results give 
uS a good general picture of the cardiovascular health of different 
populations as measured by direct and predicted MVO., tests. In one 
study (Shephard, 1966), however, procedural discrepancies make it 
impossible to use the data for comparative purposes. For example, the 
data from Winnipeg (Cumming and Cumming, 1963) used in Figure 7 and 8 
is at an inferior level relative to the experimental group of tne 
present study, nowever, becomes superior to the latter after a pre- 
dicted MVO, was assessed to tne Winnipeg group by Shephard (1966). 

The reason for this increase is that Shephard (1966) added 7% to tne 
scores of those people wno had been tested on a bicycle ergometer and 

8% to the score of unfit individuals since he was using the Astrand- 
Rhyming nomogram (1954) and tnis latter method of estimating MVO., has 

a tendency to underestimate in tne case of unfit individuals (Astrand, 
1967). Shephard (1966) has done this with data from other countries 
that were used in the present study (Adams, et al., 1961) in an attempt 
to equate all Subjects from all studies for national groupings and 
international comparisons. These methods, unfortunately, are inaccurate 
and unapplicable to the purposes of the present study. 


Figure 9 is a comparison of MVO,, in ml/kag/min (Anderson, 1976; 
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Maximal oxygen uptake values vs. 
predicted values from the present study 
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Mi rwald, 1973) with predicted values from the data of the present 
Study. Severe limitations are inherent in the presentation of this 
figure. Direct and predicted values are virtually different measures 
Since the methods of estimating MVO., are completely different proce- 
durally. Several authors (Astand and Rhyming, 1954; Davies, 1968; 
Wyndham, et_al., 1967) have demonstrated both the advantages and the 
limitations of predictive tests for the estimation of MVO,. Davies 
(1968) and Wyndham et al. (1967) have also shown that when using the 
Astrand-Rhyming nomogram a clear underestimation of MVO., tends to 
arise in unfit individuals whereas an overestimation results in the 
case of fit individuals. Conversely, Wyndham, et al. (1967) point 
out that predictive tests that use successive increments in work rate 
to a heart rate of 170 to 180 beats per minute as in the PWC 56 test 
causes an underestimation of the true MVO., of most young individuals. 
The experimental and control group's inferiority to the 
Norwegian group in Figure 9 is not so Surprising in tne light of the 
limitations of the predictive power of the tests used in the present 
experiment and the relatively hign fitness levels of the Norwegian 
children. The high scores of the Saskatchewan groups, however, are 
Surprising and the inferiority of our groups to these subjects is 
even more surprising, however, it is evident that both the subjective 
evaluation of the fitness levels of the Saskatchewan groups were 
underestimated and, in addition, the scores of the present groups 
were likely underestimated (Wyndham, et al., 1967). The reason for 
the lack of difference between the Norwegian and Saskatchewan children 


could be due entirely to the different testing procedures when using 
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a treadmill versus a bicycle as has been pointed out earlier by 
Glassford and his co-workers (1963). 

Much confusion arises when attempts are made to determine the 
accuracy of predictive tests of MVO.. Perhaps the most viable point 
to be made from this section is in relation to the results presented 
in Figures 7 and 8. The children from the present study demonstrate 
fitness levels, as measured by the PWC, 75 test, that are much higher 
than any available data reported in the literature for their age 
group. In addition, rather than seeing decreases in fitness levels 
(Bailey, 1973) from year to year, a maintenance or an increase of 


very high fitness levels is evidenced. 


CAHPER Fitness Performance Items 

A paucity of studies have been done dealing with research of 
the CAHPER performance items (Hayden and Yuhasz, 1966; Ellis, @tod le. 
io) See caunming-and Keynes, 196/;,0lree, et dit, 1965, Falls, et al. 
1966; Docherty and Coliss, 1976; Crawford and Mason, 1974; Rothermel, 
Rtv alos. 1900) 

Norms have been devised (Hayden and Yuhasz, 1966) and the 
reliability of the items has been established (Crawford and Mason, 
1974; Rothermel, et al., 1968), however, most of the validation work 
has been in an attempt to relate the CAHPER or AAHPER items to MVO. 
tests (Docherty and Colliss, 1976; Olrec, et al., 1965; Falls, et al., 
1965; Cumming and Keynes, 1967) with little success. 

On the other hand, Ellis et al. (1975) and Hayden and Yuhasz (1966) 


1 


sla sq 


i ; c f ; 8 
cgokey, A epi ieee <b ea ae 
PLT AAR Weise. ri Shes re 


¥ re ad 
ie ate ew oat) 


, 


- ‘ ’ : ‘ 7 ) | at 
Bigg i " é a . j ‘hime 4 NB Wy J 
e yy ; ‘ re 3} 
i > we! 9 
. on ‘k ', wr i Se ee *t} 
es os or . oo. : : Re | ‘e deeb) ayer 
; 4 u oe or e % } 


es, Na io wine’ / he 7 Ly 
ph cn ef 12M : brie a | ghee eaR RE 


80 


have attempted to look at the development of various CAHPER items 
longitudinally. In the present study, each item will therefore be 
discussed individually to look at the development of these parameters 
rather than its relationship to other measures. 

Shuttle Run 

The shuttle run results are graphed in Figure 10. The superior- 
ity of the experimental group is evidenced once again when tne compar- 
ison with the control group and other available data (Hayden and Yuhasz, 
1966; Cumming and Keynes, 1967) is made. That the experimental group 
is superior to other sedentary children is not surprising since the 
test item is purported to measure agility which is necessary for hockey 
players to be successful since the game demands many starts, stops, 
fakes, turns and quick changes of direction. 

Tne reason that the difference is not as marked on this item 
aS mucn as others could be due to the fact that the test is too short 
thereby not including enough of the previously mentioned components to 
separate tne more agile from the average or less agile individual. 
Perhaps when dealing with hockey players it is of greater value to 
use an agility test specific to ice hockey. 

Nevertheless, when the children are compared to the Canadian 
norms (Hayden and Yunasz, 1966), they are superior. From these results 
it is evident that the exnerimental and the control groups from the 
present study are more agile than the normal sedentary boy of the 
Same age if tne shuttle run can be accepted as an adequate measure of 
agility. The experimental group beains and ends at a superior level 


Suggesting the possibility once again of greater genetic endowment. 
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Figure 10 
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The superiority of the experimental group may perhaps have been born 
out to a greater extent with a slightly longer agility test. 
300 Yard Run 

Again, as can be seen in Figure 11, the experimental group 
dominates with lower scores throughout the four year span. In addi- 
tion, the control group fairs quite well against the Canadian norms 
(1966) and Cumming and Keynes group (1967). 

When the CAHPER manual was published, the 300 yard run 
was included in the battery of tests as an endurance measure. Since 
then, however, researchers have come to realize (Cumming and Keynes, 
roof wc lrec. etal.» [S6om alls, etxale., 19665) Docherty and Colliss, 
1976) that the 300 yard run as well as the other items of the battery 
of tests do not correlate with MV0., tests very well. Correlations as 
low as -.168 with a PWCi7, test (Docherty and Colliss, 1976) have 
been found leading researchers to the conclusion that the 300 yard 
run iS an inadequate measure of aerobic power. Therefore, from these 
findings, researchers cannot infer anything about the cardiorespira- 
tory fitness of subjects with this measure. 

From the knowledge gained over the years as to the time-inten- 
Sity relationships and the degree of participation of the different 
energy delivery systems (Fox and Mathews, 1974) it is more likely 
that the 300 yard run measures tne predominant anaerobic component of 
an individual rather than the aerobic component. If this is indeed 
the case, then it is perhaps not surprising that the scores of hockey 
players of the present study are superior to somewhat more normal 


children (Hayden and Yuhasz, 1966; Cumming and Keynes, 1967) since 
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Figure? Wt 
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hockey studies seem to indicate a great degree of anaerobic involvement 
as well as the aerobic energy transport system (Green, et al., 1976; 
Houston and Green, 1975; Seliger, et al., 1972). Whether the super- 
iority of the hockey players of the present study is due to heredity 

or to training or to both is impossible to determine on the basis of 
the findings of the present study. 

One additional factor that could contribute to the superiority 
of the subjects in the present study is motivation. Throughout the 
Study the boys were paired to create a more competitive atmosphere 
and, in addition, verbal encouragement was constantly voiced by the 
testers and other subjects awaiting their turn to run. 

50 Yard Dash 

The 50 yard dash in Figure 12 is typical of the graphs that 
have already been discussed in that the subjects of the present study 
again demonstrate greater achievement levels when compared to other 
findings. The pattern of development is almost identical to that of 
the 300 yard run except that the experimental group seems to regress a 
little at age eleven. The significance of the differences in this 
graph are perhaps a little more questionable than others since we are 
dealing with a range of one half to a little over one second differ- 
ence between the experimental group and the Canadian norms (Hayden 
and Yuhasz, 1966) and Winnipeg children (Cumming and Keynes, 1967). 
Virtually no difference exists between the experimental and control 
groups. 

The 50 yard dash, however, does mimick the short bursts of 


speed needed in the sport of ice hockey since players must often 
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Figure 12 
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cover long distances over short periods of time on the ice and in 
this respect the difference between the hockey players and the other 
groups seems to take on greater significance. 

The 50 yard dash can also be said to be a measure of muscular 
power since it measures the force required by the body to propel 
itself over a distance of 50 yards in as little time as possible. 
The force component of the power equation is as yet immeasurable in 
the 50 yard dash. Kalamen (1968) has correlated the 50 yard dash 
with the Margaria anaerobic power test and a three step six meter 
test similar to Margaria's. Correlations of .874 and .974 respective- 
ly were found in Kalamen's study. Anaerobic power has not been 
adequately measured as of yet, however, and the Margaria and Kalamen 
tests themselves have some limitations. 

Macnab (1967)once stated in a commentary that "The item which 
best correlates to running two miles is the time required to run two 
miles ... thus in predicting performances, aerobic capacity, at best 
only imitates specific tests". This comment can also be applied in 
the case of the 50 yard dash as a measure of anaerobic power. The 
performance of the 50 yard dash correlates best with itself and the 
use of the 50 yard dash to evaluate the anaerobic power of individuals 
is inappropriate. Furthermore, relative to ice hockey, the 50 yard 
dash at best only mimicks a component characteristic of play during 
a game. 

Flexed Arm Hang 
The graphs of the flexed arm hang (Figure 13) are unique in 


that the superiority of the experimental group is never more marked. 
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Figure 13 
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The range of variability with other findings (Hayden and Yuhasz, 1966; 
Ellis, et al., 1975; Cumming and Keynes, 1967) extends from 23 seconds 
to 35 seconds at one point in the study. 

Hypotheses as to reasons for such a great difference are dif- 
ficult to make in physiological terms. The flexed arm hang is 
probably best defined as an isometric muscular endurance item of the 
arms and shoulders, however, this measure like the other measures of 
the CAHPER battery remain undefined today. The nature of the game 
of ice hockey requires constant use of the forearms, arms, and 
Shoulder muscles for stickhandling, passing, shooting, fore checking, 
back checking and body checking and greater strength to accomplish 
these tasks could account for some of the difference. 

The large degree of variability in Figure 13, however, is more 
likely due to high motivational levels that existed in the subjects 
used in the present study. When looking at raw data from year to 
year great variability exists from individual to individual with 
ranges of 18.9 to 29.9 in the standard deviations over the four year 
span. Such great inter-individual variability can only be hypothe- 
Sized as being due to motivational differences. This measure exemp- 
lifies the importance that motivation may have had in the other 
CAHPER performance measures. 

Standing Broad Jump 

Kalamen (1968) has suggested that the standing broad jump is 
not an acceptable measure of muscular power since it does not record 
in power units and does not take weight and speed into account. 


Nevertheless, it is a measure of leg strength or explosive power since 
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Figure 14 
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Means of Standing Broad Jump vs. Age 
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it indirectly measures the force generated by monitoring the distance 
covered in the jump. 

The experimental group again dominates with achievement levels 
much higher than those of the Canadian norms (Hayden and Yuhasz, 1966) 
and the Winnipeg sample (Cumming and Keynes, 1967) as can be seen in 
Figure 14). The Saskatchewan sample (Ellis, et al., 1975), on the other 
hand, cannot be considered lower since this group, along with the 
control group at ages 10 and 11], closely approximate the scores of 
the experimental group. The slope of improvement in the experimental 
group is normal when compared to the Canadian norms and the Winnipeg 
children, but they begin at a highter level and remain higher through- 
out the four year span indicating an improvement of greater magnitude. 
The reason for the higher scores in the Saskatchewan group are not 
easily explained. One can only speculate in saying that the Saskat- 
chewan children, like the experimental and control groups, are not 
typical of the normal population with respect to their ability in 
the standing broad jump. 
Speed Sit-Ups 

The results of the speed sit-ups in Figure 15 are the most 
unique of all the CAHPER performance items. From year to year not 
only does the experimental group show superiority, but unlike the 
other figures, there is also a marked interaction with other groups 
especially the Winnipeg and Canadian groups (Cumming and Keynes, 1967; 
Hayden and Yuhasz, 1966). The graph of the sit-ups depicts a relative 
equality from the first year and progresses to a very large difference 


in year four. 
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Figure 15 
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Means of Completed Sit-ups vs. Age 
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Speed sit-ups are a measure of the muscular endurance of the 
abdominal muscles. The significant interactions from year to year 
between the experimental, the Canadian and Winnipeg group lead one 
to the temptation of making cause and effect statements, however, 
just what caused the observed effect in Figure 15 cannot presently 
be identified. 

It is quite likely that the activity levels achieved from 
playing ice hockey has had an overall effect on upper body strength 
including abdominal muscles, however, participation in the sport 
cannot specifically be shown to be the activity necessary for such 
increases. Motivation may also have been a contributing factor in 
this measure as in the case of the flexed arm hang. 

The control group from Figures 5 through to 15 have demonstrated 
a relatively parallel although slightly inferior progression from years 
10 to 11 in the present study. The Winnipeg and Canadian groups also 
fare much lower than the control group. It is possible, from these 
observations, that the populations being compared are quite different 
and that because of these differences, today's children are perhaps 
not comparable to children tested ten years ago. 

Grip Strength 

Figures 16 and 17 show the progression of the left and right 
hand grip strength between the experimental and control groups and a 
sample from Oakland, Saginaw and Edmonton (Jones, 1946; Montpetit, 
et al., 1966; Howell, et al., 1967). These graphs again are typical 
with the experimental group suprior to all others. It is interesting 


to speculate the reasons for superiority in this measure, particularly 
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Figure 16 
35 
Means of Grip Strength (Left Hand) vs. Age 
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4g Figure 17 
Means of Grip Strength (Right Hand) vs. Age 
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in relation to ice hockey. As in other sports, ice hockey demands 
constant use of the forearm flexors to accomplish various tasks and 
firmly grip the stick simultaneously. Through years of constant 
participation then, it is not surprising that they possess a stronger 
grip than more normal children. 

It is interesting to note as well, in both Figures 15 and 16, the 
acute upward inflection of both the experimental and control groups 
from the third to the last year. Ina study by Carron, Bailey and 
Medhurst (1973) composite strength development was examined longitud- 
inally in a group of boys beginning at age 10 with the study extending 
up to 14 years of age. The strength measures taken included shoulder, 
elbow, knee and wrist extension and elbow, hip and wrist flexion. It 
was found that in a randomly selected sample of 128 boys, 37.4% of 
the total strength increase over the four year span ocurred between 
the ages of 10 and 11 years. This was also found to be the largest 
Strength increase from one year to the next in the study. It is 
possible that grip strength measured in the present study has 
reflected an increase that seems to occur characteristically at this 
time in life in boys of that age. It is also possible that playing 
ice hockey has had a maximizing effect with respect to this phenomenon. 
When subjects of the present study are compared to the Edmonton and 
Saginaw sample (Howell, et al., 1967; Montpetit, et al., 1966) the 
same change is not seen. In the case of the Oakland sample, it is 
difficult to speculate as to why they approach so closely the groups 
of the present study since there is no mention of activity patterns 


or methods of testing in this study. 
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Montpetit, et al. (1966) in their study compared a 1963-64 
population and an 1899 population from the same community. They 
Suggested that the reason that the more recent population had a higher 
grip strength was possibly due to their greater height and weight. In 
the present study, the experimental and control groups are from one to 
Six centimeters taller than the Saginaw and Edmonton children, but are 
only as heavy and in some cases lighter than the latter two groups. 
From these observations, it iS apparent that the differences in grip 
strength cannot be attributed to stature differences between the 
groups in Figures 15 and 16. 

General Summary 

In all of the previously discussed fitness items, some general 
comments seem appropriate. The sample of the present study is a small 
One and generalizing from the results is not possible. Because the 
sample of the present study is of a pure longitudinal type and because 
most of the other studies deal with cross-sectional samples, compara- 
bility between the two is reduced. 

A generally consistent pattern of superiority in all fitness 
tests is evidenced and it is interesting to note that there is a 
large degree of variability between the experimental group and others 
in all the different strength measures. Because of high activity 
levels in the summer in addition to an intensive ice hockey program 
during the winters, the competitive group demonstrates extremely high 


fitness levels in relation to other findings. 
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Hockey Skills Tests 


Unfortunately, the only data available for comparison with the 
experimental group for the hockey skills tests measures is the control 
group and recently, some unpublished data by Hansen (1978). The 
results of Hansen's work are presented in Table IX. Two areas will 
be dealt with in this section. The first of these will be the devel- 
opment of each skill test in the competitive group and Hansen's data. 
The second section will deal with the effect of a summer's lay-off 


on the ability to perform the same ice hockey skills. 


Development of Ice Hockey Skills 
Forward Speed Skating 60', 90', 120' 


In this item, measures were taken at 60, 90 and 120 feet. The 
three measures revealed the same general patterns as can be seen in 
Figures 18, 19, and 20. For this reason, the discussion will be 
concentrated on the 90' forward speed skating graph. Figure 19 shows 
the competitive group with a dotted line surpassing the scores of the 
control group. Data for only two years exists and the differences 
are small, varying from .2 seconds at age 10 to .3 seconds a year 
later. These differences are quite small and cannot be considered 
Significant. 

Hansen's (1978) sample which is more heterogenous in nature 
reveals much slower results with a mean in the 9 to 10 year old age 
group of 5.5 seconds which is almost 1.3 seconds slower than the 
competitive group and 1.1 seconds slower than the control group. 


In the 120 foot forward speed skating test Hansen's results 
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TABLE X 


Descriptive Statistics on Four Hockey Skill Tests 


i 
ATOM 
Forward Backward Forward Modified 
Skating Skating Agility Marcotte's 
Age in Years 90' 90' Puck 


Control 


Standard Deviation 0.66 


9 - 10 228 
| N 228 
| Mean 5.50 


| 
PEE-WEE | 
| 
Forward Backward Forward Hansen's 
Skating Skating Agility Puck | 
Age in Years 120: 120' Control 
10°21 | 
N 291 287 291 291 | 
Mean 6.58 FOR35 12047 (aay ae: 
Standard Deviation 0.75 2.59 135 4.55 


BANTAM 


Forward Backward Forward Hansen's 
Skating Skating Agility Puck 
120' 128" Control 


13 - 14 


N 265 
Mean ae SN 
Standard Deviation 0.5/7 


* Data taken from Hansen (1978). 
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Figure 20 
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Teele ten bo,,ana, 14 year old age groups yield means of 6.58 and 
5.83 seconds, respectively. Both these groups are slower than the 
competitive and control groups, though the 13 and 14 year old group 
approaches but is still inferior to the competitive and control group 
by .2 seconds. The 11 and 12 year old group, however, is one second 
Slower than the competitive group and .9 of a second slower than the 
control group. | | 

It is evident from these results that both the competitive and 
control groups differ from Hansen's group (1978). There are a few 
possible reasons for these differences. First, Hansen's larger popu- 
lation is more heterogenous and this would give a larger range of 
values compared to the experimental group which is highly selective. 
Second, simply because the samples are smaller and more select there 
would tend to be less variation in ability compared to a larger 
group. 

There are also some limitations to comparing the data from the 
present study to the data of Hansen (1978). The means of Hansen are 
based on two age groups rather than just one. Because of this the 
9 year old may have increased the mean in the 9 and 10 year old age 
group. In the other age groups, however, it would be expected that 
the older boys lower the means. This may have indeed happened, how- 
ever, even then the older age groups were only equal to the groups 
in the present study. 

With respect to the comparison between the experimental and 


the control group, not much difference exists. One reason for this 
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could be that the 90' forward speed skating is not a long enough test 
to show differences between the two groups. When looking at the means 
from Figure 20, it is evident that there is still no apparent differ- 
ence between the groups. 

Yates and Macnab (1977), Hansen (1970) and Merrifield and 
Walford (1971) have shown that forward speed skating yields rela- 
tively low validity coefficients ranging from .49 to .77 and (Hansen, 
1970) that the reliability of forward speed skating tests is not 
much better (r = .71). Furthermore, Thibault (1973) found that one 
season of training had no effect in improving times in forward speed 
Skating tests. The evidence from the studies and the present study 
seems to suggest that forward speed skating is an inadequate test 
for differentiating different levels of ability of a hockey player. 
This could be due either to the shortness of the test or the lack of 
Skills incorporated within the test or both. 

Backward Speed Skating 60', 90', 120' 

The backward speed skating results depicted in Figures 21, 22, 
and 23 reveal much the same pattern as in Figures 18, 19, and 20 
between the control and competitive groups except that the gap be- 
tween the groups is larger in the former. The differences in the 
90' backward speed skating (Figure 22) is .6 seconds in both compara- 
ble years. Similar patterns are evident in the other two backward 
Speed skating figures. 

When Hansen's 9 and 10 year old group is compared to the 
groups in the present study, a much larger difference exists. The 


mean of 10.5 is from 2.6 to 4.3 seconds slower than the experimental 
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group at the same ages. In addition, the 11, 12, 13 and 14 year old 
boys in Hansen's study are from 1.1 to 2.9 seconds slower than the 
experimental group and from .1 to 2.3 seconds slower tian the control 
group. The skill of skating backwards is probably more difficult to 
learn Since less emphasis is placed upon skating backwards as compared 
to skating forwards. The boys in Hansen's study (1978) are evidently 
less skilled at skating backwards than the experimental group. Again, 
less of a difference exists between the experimental and the control 
group and just why tne latter group does so well relative to otner 
findings can only lead one to the conclusion that tne control group 
is also very proficient. 

The control group is still somewhat slower than the experimental 
group, nowever, and after retesting this year they are still .5 seconds 
Slower (Macnab, 1978). After five testing sessions it seems doubtful 
that the experimental group is more familiar to the testing procedure 
than the control group although it is possible since the experimental 
group nas had five more testing sessions than the control group. 
Furthermore, both groups of the present study may be in part superior 
to Hansen's groups because of test familiarity. 

Studies (Yates and Macnab, 1977; Hansen, 1979; Merrifield and 
Walford, 1971) with children and adolescents nave revealed tnat like 
the forward speed skating tests, backward speed skating tests yield 
fairly low validity coefficients, these varying from ,62 to .70 and 
the reliability coefficients for these tests (Merrifield and Walford, 
1971; Hansen, 1970) were a little higher (.79 to .84). 


Validity studies have some limitations in tnat they are based 
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on a subjective evaluation by a group of coaches or a single coach, 
however, the consistent pattern of relatively low validity coefficients 
from study to study does supply concurrent evidence as to the weak 
predictive power of the backward and forward speed skating tests. It 
is possible that even though the backward speed skating items are 
better predictors of overall ability in ice hockey than forward speed 
Skating items, they are still not complex enough to measure some of 

the more important components of a skilled ice hockey player. Both 

of the first two measures in Figures 18 and 21 are perhaps too specific 
to be of any use as overall predictors of ability. Nevertheless, when 
Specific groups such as those of the present study are compared to 
larger, more heterogenous samples such as Hansen's group (1978), 

these tests become useful for a teacher or coach to compare and 
evaluate the ability level of their players. 

In both the forward and backward speed skate the rate of pro- 
gression from year to year can be attributed to a variety of factors. 
One of these could be the combination of growth and maturing. Learning, 
because of the practice of the skills, is another possible factor. 
Another possible factor is test familiarity which no doubt has contri- 
buted to the year to year improvement in both groups. Finally, in 
the first year (Thibault, 1973), ice conditions were not optimal and 
it is likely that the first year of progression was affected in these 
and all other skills tests that began in the first year of the study. 
Backward Agility 

This test (Figure 24) was initiated in the second year of the 


study and measured during the last three. From year 9 to 10 there 
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seems to be a greater Separation developing between the experimental 
and control groups. At age 11 the control group is still inferior to 
the experimental's tenth year results by .5 seconds. 

This test is more complex than the others as can be seen from 
the diagram (Figure 3) of the backward agility skating and in both 
groups tne first to the: second year of testing reveal large decreases 
indicating that there must be a substantial learning effect occurring 
from one year to tne next. With more testing sessions it is possible 
that the control group would approach the means of the experimental 
aroup much more closely. Another measurement this year (Macnab, 1978) 
has revealed a continuing large decrease (9.6 to 8.5) in the means of 
the control group and the experimental group (8.9 to 8.9) on this 
item. 

This test measures the ability to incorporate lateral movement 
(backward cross-overs) with the skill of backward skating. The pre- 
sent results would seem to indicate that part of the superiority of 
the experimental group is due to test familiarity but with such a 
gap (.7 seconds at. the end of tre study), part of the difference is 
likely due to the variability in skill level between the two groups. 
Skills practice, growth and maturation have played a role in botn 
groups, however, the experimental qrouDd has jad much more practice 
than the control group. 

Yates and Macnab (1977) have found that this test is a good 
predictor of performance combining with the Marcotte's puck control to 
yield a correlation of .93 in multiple regression analysis. The Macnab 


and Gill backward agility test itself correlated (.85) quite well with 
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the coach's subjective evaluation of performance. Further work is 
needed, however, to ascertain these results. 
Forward Agility Skating 

In Figure 25 we can see that the gap is widening between the 
experimental and tne control group. Again, the complexity of the 
test is greater and this is likely responsible for a large part of 
the difference between the two groups. The means of the dominating 
experimental group differ with those of the control group by 2.1 and 
1.4 seconds in years 10 and 11, respectively. 

From tne first to the second year of the study part of the dif- 
ference could be due to tne improved ice conditions in the second 
year of testing (Thibault, 1973). It is interesting to note here 
Once again that the 9 year olds from the experimental group are still 
Superior to the 11 year olds of the control group, however, a large 
part of this could be due to test familiarity. 

This year's pre-season data (Macnab, 1978) indicates that the 
two groups are still 1.4 seconds apart. After five testing sessions, 
test familiarity may be a factor, but part of the difference is very 
likely due to the fact that the experimental group has more skilled 
Skaters. When looking at each group individually, year to year 
progressions could be attributed to a combination of growth maturing 
and SkildSapractice. 

When both of these groups are compared to the aroups in Hansen's 
study (1978), it is interesting to find that both groups of the present 
Study are consistently superior. Hansen's 9 and 10 year old group is 


Slower than the 10 year old control group by 1.4 seconds and by 2.6 
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seconds and 3.5 seconds at ages 9 and 10 with the experimental group. 
The 11 and 12 year old group in Hansen's study is 1.1 Seconds slower 
than the 11 year old control group, but Hansen's 13 and 14 year olds 
are .4 seconds faster than the 11 year old control group. When these 
age groups are compared to the experimental group at age 11, the 11 
and 12 year olds are 2.6 Seconds slower and the 13 and 14 year olds 
are .8 Seconds slower. 

A large part of the differences here could be due to test 
familiarity especially with a more complicated test such as the forward 
agility test. Hansen's group is large and neterogenous in this test 
like the other groups tested in Hansen's study and the variability 
in skill level is likely much larger. than in the groups of the present 
Study. The 13 and 14 year old group are closing the gap, however, 
only .8 seconds behind the 11 year old experimental group. This could 
possibly reflect a growth and maturation relationship with the forward 
agility test. 

Looking at the validity of this test, Yates and Macnab (1977) 
found a simple correlation of .87 (76% variance explained) with the 
overall subjective evaluation of performance by the coach. This test 
did not significantly contribute to the prediction equation of perfor- 
mance. The criterion to accept or reject a variable in tne equation 
was less than a 4% change in the MR. Hansen (1970) has reported a 
lower validity coefficient of .58 for the same test. From these con- 
flicting results, it is evident that the validity of these tests is 


still unresolved. 
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Marcotte's Modified Puck Control. 

In Figure 26 it becomes evident once again that the complexity 
of tests will contribute to a larger variability between groups, skill 
most likely taking on greater importance. 

The 10 and 11 year old control group is 2.1 and 1.8 seconds 
Slower than the experimental group at the same ages. The two groups 
Seem to progress at the same rate in the-last two years as is evident 
in the other skills tests. 

The reason for part of the differences from the first to the 
Second year is likely due to better ice conditions in the second year 
(Thibault, 1973). The reasons for the differences between the two 
groups are the same as in the other tests, hewever, we see a more pro- 
nounced difference with this test compared to the others. This year's 
means (Macnab, 1978) show the same type of progression and differences 
between the two groups (Control = 15.5, Experimental = 13.5). When 
the 9 and 19 year old group from Hansen's study is compared to the 
control and experimental group it can be seen that once again Hansen's 
children are slower. With respect to the experimental group, Hansen's 
group is 4.6 and 5.7 seconds benind the 9 and 10 year old experimental 
group. The control group at age 19 is also superior by 3.6 seconds. 

Here again, test familiarity probably accounts for some of the 
difference, nowever, the increased difference that accompanies tne 
increased complexity of each test indicates that a skill level differ- 
ence likely exists. Skating and turning around cones with the added 
component of handling a puck is definitely more difficult than doing 


the same types of turns and strides without a puck and requires greater 
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Figure 26 
19.0 Means of Modified Marcotte’s Puck Control vs. Age 
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Skill from the individual executing the test. This is evidenced by 
the results of Figure 26 between the experimental and control group 
and further by the comparison of these results to those of Hansen 
(1978). 

Yates and Macnab (1977) attempted to establish the validity of 
this test along with the others and found that it contributed 81% of 
the variance in a simple correlation with performance. Along with 
the Macnab and Gill backward agility test, it contributed significantly 
to the performance with an MR of .93 (86% of the variance). 

Merrifield and Walford (1971) found validity coefficients 
ranging from ./0 to .83 with a puck carry test in children 8 to 1] 
years old. Hansen (1970) found a validity coefficient of .63 with the 
Marcotte's Modified puck control test. From this it can be seen that 
controversy still exists concerning the validity of this test and more 
work is needed to clarify the situation. 

Hansen's Puck Control 

Figure 27 depicts the results of Hansen's puck control. The 
differences between the 10 and 11 year old experimental and control 
results is 2.8 and 2.2 ‘seconds. 

One thing that can be seen in this puck control test is that 
from the first year to the second year of testing a dramatic improve- 
ment occurs in the experimental group whereas this does not occur in 
the control group to as great an extent. Improved ice conditions were 
present when this test was added to the study in the second year, 
ruling out ice conditions as a factor. 


The puck control tests are the most complex of all, incorporating 
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Figure 2/7 
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many components such as hand-eye coordination, skating agility, stopping 
and starting, turning in both directions and puck control being simul- 
taneous with all of these other skills. The control group is perhaps 
showing a less dramatic improvement upon first exposure because of 

less developed skill level. The experimental group, on the other 

hand, has had a great deal more time to practice these skills and has 
also enjoyed much more ice time. In addition to skill level, part of 
tne dramatic change is likely due to test familiarity. In the other 
years, growth and maturing probably play an important role. 

When the control group iS compared to the 11 and 12 year olds 
and the 13 and 14 year olds of Hansen's study (1978), the first is 
found to be 4.1 seconds slower while the second is .3 seconds faster. 
In the 11 year old experimental group, differences of 6.2 seconds and 
1.9 seconds, respectively, are seen. 

Yates and Macnab (1977) found that this test had a validity 
coefficient of .73 with performance while Hansen (1970) found a 
correlation of .51 which is a considerably lower value. Although tnis 
test seems to differentiate between ability levels to a areater degree, 
it does not seem to correlate well to performance. The correlation is 
based on a subjective evaluation, though, and more work is needed 


before the question of this test's validity can be answered. 


Summary 
In all the ice nockey skills tests discussed, the experimental 
group surpasses the control group and other findings (Hansen, 1978) 


including an older 13 and 14 year old age group (Hansen, 1978). The 
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difference between the competitive and control group becomes greater 
as tne tests increase in complexity. The differences between the 
Groups are likely due to a greater amount of skills practice in the 
experimental with test familiarity responsible for some of the differ- 
ence. The year to year progression of the skills tests on the other 
hand are probably due to learning in all groups, due partly to 
Practice, in addition to growth and maturing. 

The validity work that has been done is not conclusive and more 
work is needed to establish the validity of the skills tests of tne 
present study. When comparing the skills tests results to a control 
group or to a larger more heterogenous sample, all of the skills tests 
are purposeful in evaluating the skill level and/or efficiency of the 


teacher or coach. 


Effects of Summer Lay-Offs on Skills Tests 

Studies (Meyers, 1962; Ryan, 1962; Purdy and Lockhart, 1962; 
Ryan, 1965) that have been reviewed have used the term retention to 
define subjects! abilities to remember and execute different motor 
Skills after periods of no practice. In the present study, to use 
this term is perhaps inappropriate since the lay-off period was not 
Strictly adhered to. During the summer some of the subjects, especially 
those from the experimental group, did practice some ice hockey skills 
by attending hockey schools. Tnerefore, to use lay-off period, where 
Some practice did occur, iS probably a more accurate term. 

To record the effect of tne summer lay-off period, the decrement 


or improvement in performance times of the different skills tests means 
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were recorded from the post-season of one year to the pre-season of 
the next. The results for the competitive and control groups are 
given in Table X. 

No consistent pattern exists with the experimental and control 
groups on any of the skills tests monitored. The biggest changes 
Occur in tne Macnab and Gill backward agility test with both a decrease 
of 2.1 and an increase of 1.5 in the experimental group and an increase 
of 1.4 in the case of the control group. 

Studies (Meyers, 1962; Purdy and Lockhart, 1962; Ryan, 1962) 
generally indicate that periods of lay-offs up to a year in length 
do not nave much effect on the performance of simple motor skills. 

Ryan (1965) found that a lay-off period of 6 to 12 months deterred 
Stabilometer performance 80% and 50%, respectively. The task in 
these studies, nowever, are not related to the skills of the present 
Study. In the past (Meyers, 1962; Purdy and Lockhart, 1962; Ryan, 
1962; Ryan, 1965) studies dealing with retention have dealt with 
adults and growth was therefore not a factor. In the present study, 
children were used as subjects and growth may nave had a masking 
effect on decreased or increased performance times measured during 
lay-off periods. 

In most of thes tests, a very small change is observed and half 
of the changes in both the experimental and control groups are improve- 
ments rather than decrements in performance. 

In the case of the decrements, the differences (.1 to 2.1) 
could be due to experimenter error or to lack of practice. With 


respect to lack of practice, it seems unlikely that the summer would 
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have any effect since studies (Ryan, 1962; Meyers, 1962; Purdy and 
Lockhart, 1962) nave shown that subjects are able to retain motor 
Skills for longer lay-off periods than the ones of the present study. 
In addition, subjects from both groups of the present study did have 
some practice during the summer hockey schools. 

In any case, because of the inconsistent results presented in 
Table XI, it is impossible to draw any conclusions with regard to the 


effects of the off-season lay-off periods. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


After four years of study, some general trends are apparent from 
the results. Height and weight results suggest relatively normal pro- 
gressions from year to year relative to other findings. In the cardio- 
vascular measure (PWC 79) the importance of pnysical activity nas been 
substantiated as the boys of the present study demonstrate superiority 
over most other findings. In addition, the control group is not unlike 
the competitive group with respect to this measure. On all other 
fitness measures, the competitive group demonstrates its superiority 
relative to other findings. 

The nockey skills tests reveal a similar pattern as that of the 
Previous measures and the experimental group's domination is emphasized 
by its superiority over older age groups (Hansen, 1978). As the 
various Skills tests increase in complexity, the difference between 
groups increases in favour of the competitive group. With respect to 
the validity of the skills tests, mucn controversy is still apparent 
from study to study. Summer lay-offs have no consistent effect on the 
performance of skills tests. In many cases, there is an additional 
decrease in performance time after a lay-off. This could be due to the 
fact that some subjects participated in nockey schools during the 
Summer. Any possible effects may also have been masked by the effect 
of growth. 


On all variables but one (speed sit-ups), the superiority of the 
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competitive group began at the onset of the study and was maintained 


throughout the four year span. It would have been interesting if the 


Study had 


begun at an earlier age with the competitive and control 


hockey teams being selected at that time. 


Recommendations for Further Study 


Ls 


More work on tne validity.of the ice nockey skills tests 


of the present study is needed. 


2. Longer studies beginning at an earlier age may answer many 
more questions as to the contribution of competitive hockey 
and summer activity to fitness levels. 

Conclusions 


From tne results of the present study, some conclusions appear 


justified: 
ie: 


No effect on growth as meaSured by height and weight is 
apparent in the present study. 

A selected group of hockey players who engage in an intense 
program of ice hockey are capable of demonstrating fitness 
levels which are equal or superior to any available in the 
literature. 

The control group, although inferior to the competitive group, 
demonstrates fitness levels that are equal or superior to 
most other findings. 

Male hockey players aged 8 to 1] who enaage in an intense 


ice hockey program (60 - 70 games per year) are able to 
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demonstrate skill levels superior to other findings and to 
those of a control group that plays in a more recreational 
league (25 games per year) aS meaSured by the battery of 
ice hockey skills tests of the present study. 

Lay-offs have no apparent effect on the performance times 
of the ice hockey skills tests of the present study in boys 


8 to 11 years of age. 
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NAMES AND BIRTHDATES OF 
CONTROL AND COMPETITIVE GROUPS 
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CONTROL GROUP 


DATE OF BIRTH 


NAME. (Day, Month, Year) 
Blade, D. 2 = 10) = 65 
Belke, B. O01 - 02 - 65 
Belke, M. Ol - 02 - 65 
EMmnSise Re ts = OF) = 6S 
Kucher, N. 19 - 04 - 65 
Martin, OD 09 - 04 - 65 
Nahorniak, D. 28 = \07F = 65 
Pawliuk, D. 06 - 05 - 65 
Small, D. 23 = 08} =. 65 
Szaskiewicz, P. 30;'= 10° = 65 
Workum, J. 10 - 03 - 65 
Yuen ia 2/ = 08> 65 
Spencer, G. 24 =) hh = 65 


Wozniak, L. 03 - 09 - 65 


ga) Att ANS ly A 
ees to 


COMPETITIVE GROUP 


DATE OF BIRTH 


NAME. (Day, Month, Year) 
Antoniuk, M. 12 = OF = 65 
Carlson. R Tl, =.0@ =.,65 
Donadt, R. 26 - 03 - 65 
Donald, S. 24 - 06 - 65 
Holgate, B. 16 - 12 - 65 
Jones, B. 06 - 09 - 65 
Leisen, B. oc = O70 = 65 
Eundis..G-. 12 =) OF 265 
Duridavale. 12 - O07 - 65 
Macnab, B. 16 - O07 - 65 
Mithigans.P. 21 - 04 - 65 
Roberge, D. 15 - 02 - 65 
TKaCHUK.. 3) 25 - 02 - 65 


Christensson, C. 31 - 08 - 65 
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CALIBRATION TABLE FOR THE BICYCLE ERGOMETER 


KP SETTING CALIBRATION A* 
iG 220 
1.0 415 
1.5 650 
2.0 870 
25 1.980 
3.0 1.290 
a5 1.540 
4.0 1.745 
4.5 1.960 
su 2.250 
a: 2.440 
6.0 2.650 
55 2.870 
7.0 3.070 


N.B. In all PWC 170 tests a small modified 
nendulum was employed as described by 
Howell and Macnab (1967). 


*ACTUAL KP - represents the number of grams 
required to raise the pendulum to 
Successive Scale markings. 
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COMPUTER PROGRAM FOR THE CALCULATION OF 


PREDICTED MVO, AND. PWC 


2 170 
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9 VO2M 
‘CALCULATION OF VO2 MAX. AND PWC! 
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‘CALIBRATION OF THE BICYCLE:’ 
CB¢+ 0 

NWL e WLxCB 

‘AGE CORRECTION FACTOR:' 


AG<e0O 

"WEIGHT IN KG.' 

WG<¢ 0 

"SEXES O-MER WOMEN. 1 STE. MEN: 
SX «0 

—>(SxX=0)/20 


BB —NWLx0.00237 
VO «((195-61)xBB)=(HR-61) 
al 


VO< (198-72)xBB)=(HR-72) 
VO + VOxAG 

NUM «+ NWL=HR 
PWC1 © NUMx170 
PWC2 + NUMx160 
PWC3 © NUMx150 
PVIC4 ¢ NUMx140 
PWC5 — NUMx1 30 

VOL« (VOx1000)=WG 

PWCK@ PWC1=WG 


'VO2 MAX (L./MIN.)' 


‘PWC 170° 


"PWC 160° 
PWC2 
"PWC 150! 
PWIC3 
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PWC4 
PP UC 130" 
PWCS 


'VO2 MAX (ML./KG./MIN. )' 
VOL 

"PWC 170 (KPM./KG./MIN.)' 
PWCK 
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APPENDIX D 


LEGEND OF HOCKEY SKILL TESTS 
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APPENDIX E 


RAW SCORES 
EXPERIMENTAL GROUP 


143 


144 


TES: GEMs. Eront. skecine 60: 


Recorded in Seconds 


EXPERIMENTAL 
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1973-74 1974-75 1975-76 
SUBJECT Pre Post Pre Post Pre Post 
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TEST ITEM: Front Skating 90' 
Recorded in Seconds 
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* Estimated values according to method outlined in Chapter III. 
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TESTE ITEMS Front Skating 120; 


Recorded in Seconds 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEM: Back Skating 60' 


Recorded in Seconds 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1976-77 
SUBJECT Pre Post Pre Post Pre Post 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEM: Back Skating 90' 


Recorded in Seconds 


EXPERIMENTAL 
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TEST (ETEM= Back Skating 120° 


Recorded in Seconds 
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TEST ITEM: Agility Skating 


Recorded in Seconds 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1975-76 
SUBJ ECT Pre Post Pre Post Pre Post 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEM: Puck Control - Marcotte Modified 


Recorded in Seconds 


EXPERIMENTAL 
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= wal cs 
ge -| Cl] 
oo | 


] 


pe 
— 


oe 
hdl 
on 


= 
oO 


a | 
a 
io 


TAr oVe7. 


w—tnoirstbtineieli ab aires 
Sie pier Ke 
eet 2 wd ent 


ee 
fu 4: 


; «4 + + 


“ia oe ik Rue 13 mt 
at ~4at re en bal 


Lal, 


ioe 


d 


| weg me) 2A 
122th i 
tat fut 
i Sot rae 44 


* 
. A 
* 
‘* 
- 


| 
1 


| 
Ps 

— 
— 


seth. Gat i = 
ee eS ee 


‘san 


T§2 


TEST ITEM: Puck Control - Hansen 


Recorded in Seconds 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1975-76 1976-77 
SUBJECT Pre Post Pre Post Post | Pre Post 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEM: Backward Agility=Skating 
Recorded in Seconds 


EXPERIMENTAL 
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* Estimated values according to method outlined in Chapter III. 


° Corrections made for Backward Agility Skating according to method 
outlined in Chapter III. 
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TEST ITEM: Shuttle Run 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEM: 50.Yards 


Recorded in Seconds 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1976-77 
SUBJECT Pre Post Pre Post Pre Post 
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* Estimated values according to method outlined in Chapter III. 
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TEST ITEMS se2 "GOG Yards 


Recorded in Seconds 


EXPERIMENTAL 
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(ep) On (o>) (o>) (o>) [@>) OY [@>) 
W ine) OO On 
Ro Ww [@>) On ine) (ee) = 
on 
W 
on 


R. CARLSON 


[@>) 
on 
[o>) 
[S%) 


R. DONADT 64.1 61.0 
S. DONALD 62.5 58.2 59.5 


B. HOLGATE 109 
68 


—~S [@>) 
[> 

° e e e 
ao oOo 


4 
iS 
SS) 
[@>) 
~N 
(=) 


[@>) 
WwW 
[@>) 


B. JONES 


De EISEN Poco) DTT 
G. LUND 72.0) | PSO 


[o>) 
[@>) 
i) 
[@>) 
on 
Ww 


T. LUND lsd 710 


B. MACNAB 


P. MILLIGAN 


(o>) 
[De] 
W 


G. PARKER : ee okies, Oto 
D. ROBERGE 63.2 [65.4 pen [| 60.4 
S. TKACHUK 81.9 Peo ecd j 


* Estimated values according to method outlined in Chapter III. 


oe 


| tate a mate tran nny nice mare ae 
es as es lee 
ee ae | ; oe ihe 7 a, ; 
at 


The 


Meg, 
, ; 
divi ene | ahold ip | ae 


TSA 


TEST ITEM: Standing Broad Jump 


Recorded in Inches 


EXPERIMENTAL 
GROUP 


1973-74 1974-75 1975-76 1976-77 
SUBJECT Pre Post Pre Post Pre Post Pre Post 


Ol 
ine) 
° 
PhO 
Ol 
(>) 


R. DONADT o7.7 70.0 


~S (o>) 

(=) —S 
. 
ie) 


ine) 


S. DONALD oT. 


[@)) 
NY 
(=) 


—S 
ipo) 
fan) 


64.0 


O1 
On 


B. HOLGATE 


(>) 
1%) 
Ln) 


(o>) [@>) 
ol ine) 


56. 9 


B. JONES 


[@>) 
ae | 
on 


B. LEISEN ec 58.0 


ae 
WMO 
on 
(ae | 


(o>) 
IS 
(=) 


fig 64.5 


G. LUND 02.7 
56.5 


(=p) 
ipo) 


(o>) Oi |\eOa 
(ee) ony" || fen) 
“SM [oa [a 


T. LUND 97.7 


—S 
os 
on 


64.5 64.5 


B. MACNAB O2.c) ode 0 


P. MILLIGAN EE 92 2 
G. PARKER 57.3* |66.1* 6200" 9 67 a6: 


—S 
root 
on 


D. ROBERGE 62 


56 


S. TKACHUK 


Oo 
W 
on 


ine) 

on (o>) 
WwW ine) 
| OO 


1) ic 
ea Eee 


on 


ooRor OF 


H 
rt 


i 


C. CHRISTENSON 99. 3* 


ron 
nes 
lec |iay, lion | on. lian 
oal~ 
. e 
! oO on 


On 
(ep) 
[@>) 
on 
—N 
ce) 
[@>) 
[ee) 
jen) 


MEANS 
Fp. 3.36 [4.67 


Ww 
[@>) 
(oe) 
OO 
W 
(oe) 


* Estimated values according to method outlined in Chapter III. 


~ Yrs oi pe ars seeiecell canes Irrd iaredeecaei oe a ten eens, oe ar 2 wees yun pean : 
A a. Bee if D me aet eh we 
he wee sh f. ae 


‘ 2, eC 
| ¢205 ‘OF9 f Jeo at 


Leeann roe eer OTE SS — amp Faget yaa ie + r > gi 
» H ) : 
dae \ he { c te bk 
¥ vi 5 i 
oy Tate at +N eee 
. ene Se a coher ae ae 
i ee | 
‘ ein 3 i. * 
- eT 5 ty i 
enone ©: a <a 4 6 mmm ore pw) 5 ~ 
e q 
i ; y. . a 
i oii 7 wat 
j - ee : i wn ? 
b: So a ae ; . 


é 
’ 


- 
=. 
ee 


i 
{ 
: 
} 
7 
1 
; 
i 
ig 

| 

T 
5 
| 


- 
a ae 
T 
ae | 
Pe a 
e 
5 é 
at lies eee deeeen ts 


Fal 
anh 
| rs -< 
} , 

a 

1 
°°“ -— bie 


| 


ue 

Oe 
a) 
i 


pememscrete omni. 
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TEST ITEM: Flex Arm Hang 


Recorded in Seconds 


EXPERIMENTAL 
GROUP 


1974-75 
Pre Post 


1976-77 
POS t 


SUBJECT Bee 


Ov 

WwW 

—N 

On 
ore JSS SS 
(=) 0O 
= (oe) 
— 


m= 
We) 
— 
F ao 


M. ANTONIUK 45 
74 


@) 
“SJ 
=) 
on 


= 
GO 
ioe) 


R. CARLSON 


R. DONADT 45 


— 
a] 
>) 


Oo | oO 
TS 
: 
~N 
is 
[@>) 
CO 
on 


S. DONALD 40 


NI 
f 


(o>) 
(oe) 
(=>) 


B. HOLGATE cy 


on 
~— 
CO 


DO 
Z) 
SS 


PO 
ol 


B. JONES 


[ee) 
DD | 
ine) 


B. LEISEN 17 


— | 
— 
f 
[@>) 
S 
on 


G. LUND 


aS) 

a 

sat} 
\<@) 
RDO 
on 


T LURE 


NM | W 
MO | NN 


B. MACNAB 6 oe 
P. MILLIGAN 22 
G. PARKER 18.3% |. 34.3% “ 


On 
WO 
on 
ine) 
ie) 
on 


D. ROBERGE 50 


g 


Oo 


= 
—~N — | NS —~N PhO 
Or Cw | PO FP |wo |] ON 


S. TKACHUK 


QD | 
Gd) HGS 
yr | om 
H + 

is 


C. CHRISTENSON] 34.8% | 90.8% 


MEANS 59.5 55.5 


Loa Fal 2959 aes) 18.9 


[@>) 
NSN 
WO 


Sey 


* Estimated values according to method outlined in Chapter III. 


: “" 
i 


nga 
BM. 192 ‘ 


Se ee ne ee LE 
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TEST ITEM: Sit Ups 


Recorded in Number 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1976-77 
SUBJECT Pre Post Pre Post Pre Post | Pre Post 


> 


| 
on 


— {© 
Skea) 
[e) 
oO 


26 


on 
ine) 


o1 

is 
te 

[@>) 


On 
—N 


M. ANTONIUK 3 


R. CARLSON 3 ag 


S 
Oo |;- 
[Rey {Sr 


R. DONADT 3d 


Pp 1D 
on 
ao jo 1P [OQ |S 
Oo IW ID |O |e 


S. DONALD 28 


3] 


ine) 
ipo) 
Oo 
De) 


fs 
TS 
NS 
RO 


B. HOLGATE 
B. JONES 3 


Bi, LEITSEN 32 


ee) 
[@>) 
f 


—_ 


OO 

—N 

wo |PO 

Or |{O 
ice) 
oO |- 
OO 


Ss 
S 
Ww 
WO 
ws 


G. LUND 


run [a7 


B. MACNAB 


w 

NI 

(oe) 

WO 

— 
—f a Or |"O) 

WH 


‘a | 

WwW 
a io | 
es Nae eG 


——" 
© 


P. MILLIGAN 


SS 


a 
[@>) 


On 
OO 


G. PARKER 


src [23 | | fa 


MEANS 


> 
CO 


WwW 
N 
~N 
~~ 
Co 
~ 
re) 
We) 
D) 
w | 
oO |w 
i> 1 [oO 
oT 1 sre 
| 


f 
—N 
(on 
ol 
© 
WO 


(Se) 
i = 
e 
— | 
{ 


on 
oO 
—N 
(oe) 
ol 
[e>) 
[@>) 
ie) 
ime) 
[@>) 
OO 
WO 
[@>) 
OO 
on 


Sisk 


* Estimated values according to method outlined in Chapter III. 


.— 


Pe 


A ae 
mat 


ie ae: 
A 
: | 


at 


‘ 
i m | 
I ss | ; no a 
— Liilienaiien aetna ain are ae nh bas rae aad nie 
% : 4 ar f oe 7 
: ! Pt) Pea : 
Cn | 4 Pay yy 
ee AP i 3G Pe 
a ae ee etme ho ele gh 
“J : eae yz 
; ‘ AY 
, b m 
= a i ‘ ; 
4 ' ' | ¥ 
‘ ' 
f Fo Le. a 
Raha il dae ily eal le ae Mg ath p ‘gens 
; | 7 
{ q, a ae 
| i if ie 
mail a a 
- i { 


j 
pee die 


har 


4 ore edit hp ere lina 


| 


“ i vee 
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TEST ITEM: Grip Strength (Left) 


Recorded in Kg 


EXPERIMENTAL 
GROUP 


1975-76 
SUBJ ECT | | Fue 


=) {tse HISS) 
Moy ee) On 
CORES eC 
—- | {PM 

(one Cen) 


ine) NO 1) WwW 
On = oO ice) 
e 
(=p) 


M. ANTONIUK | 24.7 272 


g. carson | 18.6 |19.8 | | 20.3 | 
fe. oommor | v8.2 |20.3 | [ize 
S. DONALD : 
B. HOLGATE 14.8 fone 


Be EBISEN 


— 
(ep) 
j=) 


ae 
= 41ND 
IBS? POSS 
Ov |0 
On 


ipo) 
ipo) 
on 


im |r | a 
NR | 0 
PO 9 Doo AS 
nN In | 
8 
| 


— 


ipo) 
() 
— 


ipo) 
™S 
on 
> 
— 
j=) 


* Estimated values according to method outlined in Chapter III. 


a 
y 
A ; 
uh ey 
ee 
ai 
vi A ‘ 
oe 
’ i 


re 
oot Be 


< * 
. 


¥. 
- og 
- 


ee a eT 


; 
i? 
+; 
2 
i 
} 


eine saenel — 
7 

tt"? : 
eo 


4 
ae - er Deg “y <= ~*~ he ) 
{ i i ’ 
i ee gi | , ; 
Dee i. Go | La ee @ 
Pair 0 ny ~ tion ) a r np etre grees me he Die ae): 
Sj ? ; t 7 ; 
t i , 
eral oe ae 
wUAN ' i 
Lo dreatan eee ee.5. H! 
, 4 u \ 
on 5 
: [ i ? 
je A 5a 
{ ' & ; " 
Laren ~ Bim — rr 
} a 
; ano i nr i 
-~ we | 
‘ mae qe ete ea a al $ eP iy 
i > i 
t ¥ , ; 
‘ | ae 
et 
. j om 
-~ em | 
oe i saeelill 


j haat’ aie l Pop tt op engine e hens a Ya ip Alva oe : 
: \ j | Veer ae | “ 
: P I 7, ee ony 
iP : i Pe ie 
‘ 


r neeee? te ohm > nara eaet ane ihm Phlemhs 


Ls 
1 2.a) ae i. Be eat 


eee Wie. he eT oe ‘i eine ee 


i ae i 


a = vena +E Gee Te ees ae SM actohhd 
; 9 y 
f , wr aed f. 
2 an tat? ¥ 
afi) eat i 


P Be sl tall gee. SSR emer penton oe ah tev mee 


ei i we 8 ak 1% ds 


ee 1 abi oh ma ae oils enema aia ca au owe 


re aay or Ee 


+4 tT 


wrt 


r ; 


5 


7 ve ¥ 


t Ars ca 


Seta i led 


ff 
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TEST ITEM: Grip Strength (Right) 


Recorded in Kg 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 1976-77 
SUBJECT Pre Post Pre Post Post 


nawTontux | 26.2 | 27.2 


R. CARLSON 1.8 Ws. 3 


noonmor [res fae | |zes | fee | 
S. DONALD 247 [23.2 
B. HOLGATE 14.8 | 19.8 poe 


15.8 |is.3 | |i | [20 


B. JONES 


DOVES Halas) 

— |O) 
[OP OF RS Con Fico 
CO |}, |}CO |N ||P 

i=) O1 


B. LEISEN |i Pee: 


er ey dl ee 
(Oo) |) Cony 
COMO ECS 


G. LUND 16.3 


T. LUND Lees 


emcus (15.8 [v7.3 | |en.e 


P. MILLIGAN 


md 
on 
0O 
ee 
(ey |) (Ke) 
DO | PS 
wo |W 


N 
on 
bo |r 
= 0O 
| 


— 

a 

00 ‘ 

rh 

ine) ine) 
CO oO 


ine) 
ine) 
Oo 


G. PARKER 


o.moserse (17-3 fies | 
s. rwacwue [13.8 [ree | fare | 
os Dhyne 


MEANS 1S. 9.4 
hie S527 


NO 
a 
(=) 


= = 
gS oe t=» tS 


\ 
| 
| 
| 


ine) 
CO 
W 
Ww 
—N 
~N 
=f 
NO 
ine) 
Ne) 
Ww 
ioe) 
—N 


NO 
os 
(ee) 
RO ¥ 
—S 
\O 


E 
De) 
iS 
—N 


* Estimated values according to method outlined in Chapter III. 


a 


mm) ‘ 
or : ' 
i : é 
; ' a AY, RRs (ae 
; , $3 yak 
r i 4 7 ; 
: Fs i : A Pr. teh 
i in oy i 
: 4 ¥ 4 7 
ve ua , | 7 
et o : ii a} 
bAireea an yi ms 
Tas : ‘yy 
hd AY i 
} mat uel 
= ai, n 
~ ro A 
; . an , 
+ ~ htc Ue 1. ool ceeleeiieeeincod NAb tel sey 
; n 
| ; 
- » : : } 
« ‘it | ets 
rte eleemetinand nied iw i‘ a Nh 
‘ 7 " ' 
1 ss ‘ } al 
a + i ey 


i 
! 
F 
i 


“\ 
a 
4d 
tals 
= 
— 
“ 
ee ee ee ee 
9 - 


' 
' 
‘ 
Se ae 
F 
' 
i 
| 
’ 


a 


ee oe 
‘a . 


‘) 
f 
veh | 
i | 
; i 


tL) Sy 


on ~ ate r “bet men M 
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TEST ITEM: Height 


Recorded in Cm 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 
SUBJECT Pre Post Pre Post 


— 
Ww 
WwW 
e 

— | 
| 
wo 
SN 
(ee) 
a | 
SS 
on 
on 
om 
on 
po 
— 


M. ANTONIUK [142.2 Ae Md Se aces 
R. CARLSON gies 
a. oonaot {33.3 fisa.6 | hava | _|ras.s | _rag.z 
S. DONALD 138.9 Fea ee ee 

B. HOLGATE 133.8 {133.8 Pe tea Lie, | 


B. JONES 


a. uersen [39.7 a2.7 | hase | _foss.¢ 
1295) 1130" See, 


a: 
— 
WO 
ine) 


— 
oe) 
nN 
i=) 
dT 
oe) 
OO 
oe) 
=p 
ww 
ee) 
> 


G. LUND 


be LUND jae ey adie Wy dos ex 
B. MACNAB TSO RUE Mice.0 


tox 
De) 
WM 


TS 
NS 
WH 


— 
WwW 
WO 
WM 
a 
fe) 
(=) 


D. ROBERGE Ze theo. Leet 138.4 43.5 


S. TKACHUK _|126.2 [128.3 oa 
C. CHRISTENSON|134.1* 135.4] 39.2% | 


a) 

Sek ee 
LE pee EE 
"oul (Se 


MEANS 1132.3 134.1 ee i eke 49.9 
S_D. 4.79 .44 N53 Lea 6.05 


* Estimated values according to method outlined in Chapter III. 


1 , , 
' ; m 
ia ah 
| \ 
fr oy 
2 Vote “ re 
o oer 
be Pir 
i 
i f 1 ny ues 
& hese ee 


: | epee Me 


uo ee i 


yt ee aon 
ee a a iM 3 a 


BY -avet | 


= 
o 


i) 
—_ ictal een, Saye we ware 
i ( De 
: . ; } - Lj ‘ mae 
Bess) ae J eth, Nica Oh 
—. % habe ae eee en eno) a oa w Pete tact + ceodrnats 4 aa “ae 
: i j s ‘ t i i,t 7 ¥ yy vi Hid» 
1 tei vy ay aie _ 4) ey ett] att 
. P) '., = ‘k Aalr- 
ee ee ee ea ETE te i = : 


i Fr ; 
is ayik 
\ namie Sony ae 4 

Hi ; 

, i 

- 
uA i ? 
‘at 

rY y « all 

Petits a al 


' 
or - 
4 f 
; Wan. io | 
} 4 } 
~ ‘ rr fer ae 
t F i } ' 
| 
' ot i | 
pi mn nad remcah as ¥ a 
; t eae ay if: t 
| } nih 
; » wit, va { 
. ££ 2 i f 
I t 
_ ol da eae 
ls eae 


vet my - i‘ (0 <leih 


ee mate — ne ae athena Dey 
UE Dee! t 


Bas ve 
. ©< o : a “% ro nt eg aay fa 
¥ 4 ble ie ; ‘ ty f 


=p aieaaieadiedil arms sore 


i) Bese 


Preyer te et ln cme aenemetiniatte 
4 


i ca . a nae 


= 
i 
3 


i, —. ce j 


| i By } A 7 . i AE ‘ F f 
t ee eee ed eee es hme 
iy oe Mi Wi oil re ‘ wy ‘ s 
ae sind ait 
ae ye ie ey , : 
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TEST ITEM: PWC/170/Kg 
Recorded in Kpm/Kg/min 


EXPERIMENTAL 
GROUP 


1974-75 1975-76 
SUBJECT Pre Post Pre 


R. CARLSON 


B. MACNAB 15.9 


WEIS hon 72 


* Estimated values according to method outlined in Chapter III. 


Nema mit eet — ives A — rye anne 


y . 
ita Pri. Page eet: Gh + oe 
® oS aio i i mA j q 7" Jp ‘ 7 : 
i : i a | fi 
. Ce ee ee en, ee enter WY ‘aon abt i te tem elcome a sou 
: Lieto A Le) etl ; f : tc bie oy 
ets NAL 1 ey oun 
r' ; | tts fob j 4 ‘Pie a | ey | 
| es ee ree ee ana Mewes ree Te whe. a a. phe 
{ } i ‘ 
9 ee = ; Cn 
i 4 i a ai ; f - 
ae fat *; o} 
$ oe | 
- , oe a a ~ i a 
‘e] ae ~ j ; r os 
yu v f i i f « bs ‘ 
‘ . : 
ve = ' = . hija echinacea 
rh a a 
" j fi a fi 
@. —~ ; ~~ ‘ 


a 


a p a 
T 4 5 ‘ 
y é: 1 ra ’ 
» * , , - ° 
i ‘i b a i a AG 
j i, Ke |) 
“a 4 os omy Sa ar A oe tot = 
P| “ 3 ; 
or —s ‘) 
7 [MGs . 3.01 i 
} ; ny 
. Died sgeiy ne 4 banceipmian 
i ‘ ® ; — : ~ « * 
PO Owen 
ti ar 4b a bs 
— rif ;, *"\* x ; j 
poems aoe nen ea netjben im din oee i AD enw h + lot of ee cikcienttean| 
me, ‘ | : 
at ae Ma mi 
Pes) Py 
; bedi a ee mien ae eer overt eer a Stipe Hae | 
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TEST ITEM: Weight 


Recorded in Pounds 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 
SUBJECT Pre Post Pre Post Pre Post 


M. ANTONIUK 74.0 | VEeS 
| R. CARLSON Dies | Oo eC cae 65.0 
R. DONADT o7e L. 1 6060 ae) 66.7 
S. DONALD . : . 
B. HOLGATE 54.5 | 57.9 
B. JONES I9¢0 2 O15 


B. LETSEN 
G. LUND 5420 | 5604 


P. MILLIGAN 


D. ROBERGE 


94.2 


ee) 
oO |}w | & 
(Ons t=! iWe) 


[o>) 
W 
ine) 
(ee) 
™S 
e 

ine) 


—N 
DO 
(es 
—N 
on 
Ss 
CO 
— 
© 


N 

— 

on) 

) 

s&s 

(=) 

Orv | © 
Cr) Go 
Si -@ 
Oy lis OY 4] CO 
St Oy 
(=> ae | | er @ p' 
— | 

a ae > 
or |} Pm 
(ey {Io Ces) 


(on) 
Oo 
S 
oO 
SN 
(=) 
(op) 
ss 
(=) 


SoS 
CO | D 
Srl or 


—N 
SI 
—~S 
©O 
on 
eS 


(o>) 
—S 
ine) 


—S 
[o>) 
—N 
CO 
fo») 
© 


S. TKACHUK 


nn 
on 
oO 
[@>) ON 
De) [o0) 
~N cS 
[@>) 
(ee) 
—! 
~) 
Ba 
Ww 


sree] [nor 


C. CHRISTENSON 


t 
i 
| 


! 


Co 
on | 
aS 


MEANS 


[@>) 

CO 

oe) 

—S 

—J 

WO 

foe) 

f 

(oe) 

ae 

= & 
es oe) 
e e e 
on —S 
—t | 
=, NO 


SoD. 


* Estimated values according to method outlined in Chapter III. 


ats ‘ Z or 
i » ae z ¥ v 
, q a ne 
1 i. iH v R ” ae | 
4 ré | a : ® ae. 2 i 
bt, oa 
oe ot { 
‘ by oo smart otiiageae mean slile 
per) | i, i "S4 Pi: : rey 
Bo f 9 ; : | 
ot i ra ar el an aren etn ee 
} 
f - aa : F | 
| wi 7 hia .. ae 
j ; 
Maaiailes = ——— = ie nin y 
\ ( 
1% i x. 
J % - « 
} se - { othe 
| 7 ~\ 
Ht ‘on 
: Py 
mo 
— ie oe rs | ie a dey 
i i 
Ls Ne WE 
i “ os Nara ot 
ole | a 
‘ i a 
bg romana (Mr | 
} ; My ; 
ey he a P 
y8% 7 f 1! 
; mi ee thee 
hy, ~ 
B | 
4 ec \ sect aA iyi aaab YS | Kimi —eettepnen ay bincctinlbep billie TO Rycadd OAR iat ein ia Cerengaa 
er 
a 
ot aie - 
f f ‘ 
a) eee, Coe: ee we ewe S Seee feel aioe 


oes 
Z- 


\ eae - “ha iyi peices “weten me 1 fren 


5 ny 
cae We 
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AES teal LEM PWC, 39 
Recorded in Kpm/min 


EXPERIMENTAL 
GROUP 
1973-74 1974-75 


SUBJECT Pree Post Pre~ Rost 
20 487 685 


; 


M. ANTONIUK 


R. CARLSON 449 453 


R. DONADT 3569 | 452 


S. DONALD 420 


440 


479 


On 
[e) 
OO 
(ee) 
[@>) 
© 
™N 
WwW 


on 
@) 
WO 
ine) 


B. HOLGATE 3 425 


94 
B. JONES ays 32 
24 


On 
WO 


oO 
m= 
on 
[e>) 


O1 
GO 
©O 
ao 


3 3 
412 1 
P. MILLIGAN 365 365 | 
G. PARKER 


we [ne 


poe Lele 


Or 
WwW 
ipo) 


4 
4 
4 


Ol 
(oe) 
—S 
SNS 


B. MACNAB 4 


36 
ey 
79 
87 
a7 
450 


On 
WO 
[@>) 
CO 


> 
(ee) 
on 
Go 


[@>) 
WO 
On 


506.1 


Oo > 
(Sa WwW 
= (Sy) 
[@>) 
=j 
al 


WO 
ine) 
WO 
(oe) 


anne 390.2] 430.2] [452.1 el 501.5 ay 610.5 
ae 50.5 | 64.1 ss | ese 55.8 


* Estimated values according to method outlined in Chapter III. 


‘pm abn sry fiei mig) npcy Sree Ae? 


a aT oi ae py 
La 12s fh ever: a 


ry i 
As " * P ay ay 1% ful 
crm | fh) aw } ree eee ; + 
a (eat limmeieen fe eres A et need anal 
a | a 
Lie ‘ re , 
} j 4 j 
= - aren, = <a Pe Ang ae 
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TEST ITEM: Predicted MVO., 


Recorded in ml/Kg/min 


EXPERIMENTAL 
GROUP 


1973-74 
SUBJECT Pre Post 


M. ANTONIUK 48.9] 51.3 


R. CARLSON AB Sia 203.8 
AAS 490d 


S. DONALD AT leG bac 


B. HOLGATE one ester! 
B. JONES 38.8 


B. LEISEN oy adi 
G. LUND 94.9 


T. LUND SDs OUs6 


B. MACNAB [2a Sad | cove ef 


P. MILLIGAN aloe BEST 


1974-75 
Post 


1975-76 
Post 


Pre Pre 


> LS 
=< ine) 
oe) SN 
(oe) 
Vo) 
Co) 


nh |} Cr) 
Nm | — 
WwW | PO 
or | O1 
Nm | © 
(oS) |] (ee) 


(oe) 

ine) 

ite) 

[@>) 

[@>) 

~—S 

(oe) ine) 
. WH 
ine) ° 
(oe) [@>) 


> 
(ep) 
[o>) 


is 
WH 
De) 


is 
on 
Ww 


R. DONADT 


OO 
Ke) 
—N 


a 
WO 
NO 
on 
= 
—S 
1e%) & 
I (o>) 
Ww —s 


a 
i 
pe) 


cfayal 


WwW 
—~S 
ie) 


39.33 
639 


On 
W 
on 


Oo 
on 
WO 


Cin 
dG 
BE 

oO 

[@>) 

f 


G. PARKER ol td URS Ee 


Cae 
05.8 [46.9 | 
ote 46.3 [48.9 | [47.6 | 


Gao0 


= 
mo 
f OD 
| 


\ 
i 


(on 
SS 
— 
on 
(o>) 
Ww 


£ 
(oe) 
on 
On 
— 
i 


1 
H 
| 
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* Estimated values according to method outlined in Chapter III. 
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APPENDIX F 


RAW SCORES 
CONTROL GROUP 
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TEST “LTEM= Sr romasoka ti ngr 60" 


Recorded in Seconds 


CONTROL 
GROUP 


1976-77 


COR COM CO 
PO |O% 


ice) 
ine) 


ea 
== 
= 
7 
ANS 
(eae, 
x 
[e) 
fo 
De) 
WO 
WwW (Ce) 
= > 
WwW (Ce) 
ee) O cS 


UG. SPENCER eee Semen 
YEANS 


S.D Byashs .114 . 328 


allisy4 


° Excluded from analysis. 
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TESRSETEMSRRPronGeskatings oO; 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 
SUBJECT Pre Post 


D. BLADE 


sae is 


a KUCHER 


. NAHORNIAK 


. PAWLUK 


° Excluded from analysis. 
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aa wy me. 


- a nh Tey 
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TEST ITEM: Front Skating 120° 


Recorded in Seconds 


CONTROL 
GROUP 


1976-77 
SUBJECT Pre Post 


D. BLADE é : ; : 
B. BELKE Siege: eee ey’ 5.6 59 
: S26 : 


D. MARTIN 


D. NAHORNIAK 


D. PAWLUK 


D. SMALL ; . 
fe. smsoxremers | | | 83 | 88 
G. SPENCER ° | | | 
350 .167 333 | 445 


° Excluded from analysis. 


: ia ee a J 
aa ka 
can eae | 
~ ans ; ere —— mn 


ee oe 


ee 


> eg sree lina 


Ss lle endian ital comin en a 
r how ‘ah 


La 


TEST ITEM: Back Skating 60! 


Recorded in Seconds 


CONTROL 
GROUP 
1975-76 1976-77 


SUBJECT Pre Post Pre Post 


4.8 


es 
ora pres 


R. ENNS 4.] 
N. KUCHER 4.0 
D. MARTIN 4.5 

. NAHORNIAK eee. 


. PAWLUK 


~ SMALL 


. SZASZKIEWICZ? 


. WORKUM 


ee ee es ee 
MEANS 
Sih 911 309 | .419 | .456 


° Excluded from analysis. 


ws 
~N 
[@>) 


TEST ITEM: Back Skating 90° 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 
Pre Post Pre Bost 
BOBBERKE 


N. KUCHER 
D. MARTIN 9 


. NAHORNIAK kor 


Ni 
a 


G2 


Tar [a 6 
|) ee | 
6.4 


[e>) 
—) 
[@>) 


[@)) 
ine) 
[@)) 
O1 


— 
—S 
PhO 
(o>) COMBI EC) anu OY 
=e osge |= |e ae ie |e a |= |e 


(o>) 
f 


on 
(o>) 
tes 


. PAWLUK 750) 


a 
i 


~ SMALL 


MESTASTKIEWIEZ? 


SN SN 
a 


. WORKUM 


i 
(=) 
—N 
on 


[@>) 
a 


. SPENCER ° 


Be) ie 
fon) ae | oh fon) 
a Ge bags a 


SS 
i 
PO 


° Excluded from analysis. 


es 


ame eet Ei h 


is 


TEST ITEM: Back Skating 120' 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 
SUBLECH Pre Post Pre Post 


D. BLADE Bee 8.4 8.4 S25 


Be BELKE 


M. BELKE 


R. ENNS 


N. KUCHER 


D. MARTIN Teg 


D. NAHORNIAK 
D. PAWLUK 9.1 
D. SMALL 9.5 


P. SZASZKIEWICZ° 


-GO.SPENCER®? | | od 
HEANS 10. 
2.02 | 583 | 6st] 909 


° Excluded from analysis. 


acne: 


cio dicne al 


SR 


, Ms 
i rie 6?) 


1 OA 


ca 
oy 


Ke 


TES TRLLEM: 


Agility Skating 


Recorded in Seconds 


CONTROL 
GROUP 


SUBJECT 


D.. BLADE 


B.. BELKE 


M. BELKE 


R. ENNS 
N. KUCHER 


1975-76 
re Post 


1976-77 


° Excluded from analysis. 
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' " 
EE Pet 
on f ‘i mn 
|. BOF | Bat ft 


ee 


dim fete 


i a4 ae Kin i 
oy ey i. me >! 
i 0 ae 
o (oF oe i 
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TEST ITEM: Puck Control - Marcotte Modified 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 


Post 


SUBJECT pire 


D. BLADE 


B. BELKE 


M. BELKE 


Re vENNS 
N. KUCHER 


D. MARTIN 


— 
Ne) 
PO 

sr 

—N 

[ce) 


D. NAHORNIAK 


D. PAWLUK 


es Bt ae fon 
18 
=Car 


G. SPENCER ° ie 
MEANS 19.2 


° Excluded from analysis. 


Cavin 


ee ; , ab at, iy 


TEST ITEM: Puck Control - Hansen 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 


SUBJECT Pre Post Pre 


Post 


D. BLADE _ 
BELKE 


Be 
MO BEUKE 
R. ENNS 


N. KUCHER 


D. 


D. NAHORNIAK 


D. PAWLUK 


Sey 


° Excluded from analysis. 
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i 


ei 


repay sais 


oat 


8 AS peti SN he 


us o8 | gb | 
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TEST ITEM: Backward Agility Skating 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 


SUBJECT Pre Post Pre Post 


D. 
B. 


M. 


N. 
D. 


D. 


BLADE 


BELKE 


BELKE 


WO 
NSN 


=i temavahe | cos 
(S, 
Sw CSO JE slike) 


KUCHER 


MARTIN 


oO 


NAHORNIAK 


. PAWLUK 


~ SMALL 


. SZASZKIEWICZ? 


. WORKUM 


G. SPENCER ° 


MEANS 


° 


Excluded from analysis. 


TEST ITEM: Weight 


Recorded in Pounds 


CONTROL 
GROUP 


1975-76 
SUBJECT Pre Post 


D. BLADE 


D. MARTIN 
D. NAHORNIAK 


° Excluded from analysis. 
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TEST ITEM: Height 


Recorded in Cm 
CONTROL 


GROUP 
1975-76 1976-77 


SUBJECT Pre Post Pre Post 
D. BLADE F ; 

Be BEDKE ~ 146.0 16151 
Me_ BELKE 14523 

R. ENNS 


N. KUCHER 


D. MARTIN 


>. nanornrak |_| 
D. PAWLUK ts 


PO SZASZKIENICZ? 


J. WORKUM 145.0 i 15289 


137.1 
a ee eae ee 
Sepi 4.66 


° Excluded from analysis. 


i L's ca } oi | 
LS. sot 


<0 enraglonrepLa i Ming bis cclatiesan i 
Las i a i et 
Le toe eth nherh ba ; ‘ By rere oR 
ret ftir 
fa erty aia bine 
Rous Ae | 
i os inci eal wae 
Sit 


anh sisi 


oe 


7 q r ; ms : | 
, vs } 
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TEST ITEM: PWC, 7, 


Recorded in Kpm/min 


CONTROL 
GROUP 
1975-76 1976-77 
SUBJECT Pre Post Pre Post 
D. BLADE 
Bape EKE 613 
MOSBERKE 620.9 
R. ENNS G22 
N. KUCHER 562.9 Sea Ae 


— 
fe) 
— 


D. MARTIN 


400.1 


D. NAHORNIAK 381.7 rae | 458.6 
D. PAWLUK 496.3 od 518.5 


D. SMALL- 451.6 
P SSZASZKIEWIGZ? 
J. WORKUM 


627.20 


f2059 


413.9 599 a7 


457.8 JUG26 


687585 


G. SPENCER ° | 


MEANS ae 462.1 


° Excluded from analysis. 


5G/ ial 


66 


Sw 


: ae ile a b 
Ar 


Ve. Sit 


MeN ai ee 


9, S38 


em 


| guest. 


Sacre: = “0 — we ran q 
ny q 


f el 2 a tie) ‘ie 


Bree Ai0F 


TES ALT EM: PWC, 79/Kg 


Recorded in Kpm/min 


CONTROL 
GROUP 

1975-76 
SUBJECT Pre Post 


1976- 


Pre 


77 
Post 


Bow BELKE . GES 
15.3 


bli 
N. _KUCHER por 12.9 


D. MARTIN 
D. NAHORNIAK 


D. PAWLUK 


ai ieee oleae |omd 
CHO), sien 
DS, CO Or ES 


| 


as) 
DO 
on 


L5a 


P. SZASZKIEWICZ° 


— | 
f 
PO 


L. YUEN a a 


Gee SPENCERS © 


HEANS PS ines 
1-62 


° Excluded from analysis. 


ga os 


‘i af: 
he find 
iw HE 
Baht 
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TEST ITEM: Grip Strength - Left 
Recorded in Kg 


CONTROL 
GROUP 


1975-76 1976-77 
SUBJECT Pre Post Pre Post 


— 


. BLADE 14 


RBECKE 


SIBELENE 


. KUCHER 


. MARTIN 


. NAHORNIAK 


. PAWLUK 


~ oMALL 


19 
. SZASZKIEWICZ° ie 
ee ee 

Pe a ae 

Ree eae eee ae 


MEANS 19.3 
ap 3.2 


° Excluded from analysis. 


ee ree a 


x site 
tt oh mea al 
ia . 


o~- ek: 7 tore of 


183 


TEST ITEM: Grip Strength - Right 
Recorded in Kg 


CONTROL 
GROUP 


1975-76 1976-77 
SUBJECT Pre Post 


D. BLADE 


B. BELKE 


Ni. "KUGHER 


D. MARTIN 


D. NAHORNIAK 


D. PAWLUK 


D. SMALL 


° Excluded from analysis. 


" 


cil Alb sb wird tit 


TEST ITEM: Shuttle Run 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 
Pre Post Pre Post 


: 
ceils 1.4 


] 


SUBJECT 


D. BLADE 


Bee DEKE 


M. BELKE 


11.8 

11.6 
| 
D. NAHORNIAK 
D. PAWLUK 
| 


PAS ZASARPEWICAY 


J. WORKUM 


EAN 2 ie 
338 


° Excluded from analysis. 


184 


q 


Leo Ni Tate “as a“ 
ap ‘ , Poi 3 1 ae ay 5 


CofE . , } | tal ey) ll 


i! 
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TEST ITEM: Standing Broad Jump 


Recorded in Inches 


CONTROL 
GROUP 


1975-76 
SUBJECT Post Pre Post 


B. BELKE 


M. BELKE 
R. ENNS 


. KUCHER 


D. MARTIN 


. NAHORNIAK 


. PAWLUK 


6 


Oo 


. SZASZKTEWICGZ? 


wom | | 


Lb. WEN 
JG. SPRENGER 
MEANS 


° Excluded from analysis. 


Oy | 
ol) Ken 
> 

OY 
Wey Wey 
(Sonje jin! 


— 


3 


j=) 


[@>) 


65.6 


« 
— 


2.88 6.58 


xteaterh 
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TEST ITEM: Flex Arm Hang 


Pecorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 
Post Pre Post 


SUBJECT 


Pre 


D. BLADE 26 


Be BELKE 


. KUCHER 


48 


[@>) 
on 


0 


. NAHORNIAK 


. PAWLUK 


- SMALL 


ae TE 
Pe 
Pad a 


° Excluded from analysis. 


[@>) 
[> 
CO 
[e) [eS 
WO ine) 
e e e . . 
OO on 


ine) 


31 


Me ache ch ccven 


ute | 


pa Ee he nee en ~ 


oe [ ees | 


if a epithe: thik Syl 1 beeen Chelan A Dian are bear etr 


yey 


TEST ITEM: Sit Ups 


Recorded in Number 


CONTROL 
GROUP 


1975-76 
SUBJECT Pre Post 


Dz BLADE 


B. BELKE 


M. BELKE 


N. KUCHER 


D. MARTIN 


D. NAHORNIAK 


D. PAWLUK 


PaeSZASZKIENTOZ” 


J. WORKUM 


° Excluded from analysis. 
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evs: 
‘ 
Tee 


ay, 


7 eee a 


a Se aes pestered a. 4 ine 


1. sa 


ie 
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TEST ITEM: 50 Yards 
Recorded in Seconds 


CONTROL 
GROUP 


1975-76 
SUBJECT Pre Post 


oe 
B. BELKE 


1976-77 
Post 


Pre 


MeBELKE 
R. ENNS 


N. KUCHER 


aes ra 
aed 
an Fre 


8.5 
| v2 
8.2 
8.2 
7.6 
7.8 


see | 
al 
am 
ie 
D. MARTIN aes | 
jo. waworntax || 
== 
D. SMALL | 
fe. szaszxtenrcae |_| 
ja worwn || 8 
1 


CO 
ine) 


L. YUEN fined | 
8 
407 


° Excluded from analysis. 


Tae 
Sram 
eee 


] 
ris 
has 
a, 
¢ i 
‘ 14 I 
oe 4 
i ib 


) 


{ 


F imap ma WP reeset Tina 
: : + 


: t } i ) Ne 1 } rs 4 


ia 


eel sete vn es anenmiaees | 
i ; t ; 
Pa ' wa he 
G: i 7 i mf} ‘ } 
pane ray i a ee ot ee 


oe: 


Ware neeen fei, 


nt . any 
f ‘ iif ; 
a (ee ne tne hem tah 4 pie mh ‘ 
; ; Ld ae hes errr " 


ie 


sg a eam eaten - sem 6p Gan ai o+ 


By 
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TEST ITEM: 300 Yards 


Recorded in Seconds 


CONTROL 
GROUP 


1975-76 1976-77 
pre Post Pre Post 


woes | fos | | ee 
R. ENNS 88+ 67.5 
N. KUCHER en 68.8 64.3 
fo. mers | [oon || oa. 
D. NAHORNIAK 65 — 68.5 
D. PAWLUK 64.2 65.5 
Loa) 


(>) 
ms 
(ee) 


VP. SZASZRIEWICZ° 


[@>) (>) 

| | 

Oo mand 
(o>) Gy 4) Oy 
SF ts) 
S (rey «|| (eo) 


on 


J. WORKUM 64.1 


Le EN 


= 
Mm 
= 
ae 
” 
ron) 
on 
Ve) 


G. SPENCER © 


OO 
(=) 
OO 


aon 
CO 
WwW 


° Excluded from analysis. 


mae 


evcatee 


bial 1 


acy Taw 
at : bss ie 
ie ‘nat ' rote 
bw ; 
eet Pal 5 
oe 


as : a9 ‘al 


re 
| tau s 
% a : 


nas 
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TEST ITEM: Predicted MVO., 


Recorded in ml/Ka/min 


CONTROL 
GROUP 


1975-76 1976-/7 


SUBJECT 


BenBERKE 


Me BEEKE 


pe UCHER 


45.2 


4 


> Pp | 
COMs| Ol 
—N {OFS 


NG SMSPENGERTS 


° Excluded from analysis. 
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(op) 
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st Vy ya a hgh ltd Foi Daag er Peaine deinen olen a 
t J : i 


mi hgalies ae pourra 
iP ane 
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@:88, 
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re — E 


—i yar Xing 
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a) Cae 
{ 

wy 
Ye 


be dre any iertpae aia cal 
yy 


Sea 


e - : ees 
fm elena : 


meron yn eaes 
RDS“ 


ale Rieter og area 
isenmnae ay 


ti 


: : as ous pane ty. 3 : ; lcaeeenaeers 
soreness ) SPU robes : . =i es : ; : : : 

ibasraiayier in on : : a 5 : 

eer 


re lewe sig 
sim 


Brit sea AN 
eakeare 


Sa 
zane 


